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PREFACE. 


FIRST EDITION’ 

Tl^ 'book has been written to remove the long-felt vant of - 
ca suitable book of Examples in Physics for the students of our 
-Intermediate Course As the books already existing m the 
•field have not evidently been written with a view to the 
'Special requirements of our students, we bring out this publica- 
' tion compiled by authors of long experience 

In the preparation of the book care has been taken to 
select examples which are at once instructive, tjpical and 
-important, judged from the nature of the problems set m the 
University Papers A special feature of the book is that 
•problems of every possible variety have been given either a 
co’nplete solution or direct hints to that effect to guide the 
students 

Further, explanatory notes have been inserted by way^of 
helping the memory of a student in the proof of an important 
formula which ^e has culled from the text books 

To make the publication the more useful, we have inserted 
-the University Intermediate Questions in Physics wjth their 
Answers The latter has been arranged in a way as not to 
render full help to the student but just to give him' sufficient 
-scope in exercising his own intelligence jn trying to find the 
ifull answers For the covenience of the students the subject- 
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matter of each question has been shown in the margm , 
morever, in cases where a question has been repeated, the 
the year, the paper and the question number of such repiti- 
tions have also been put in the margin, from nhich the student 
will be able to realise for himself the importance of a ques- 
tion 

V 

o 

In conclusion, it may be confidently said that a sfudent, 
roin^ through the book, -will be able to save much of his 
•ime and trouble and will be fully competent to answer 
iroblems of any type set in the University examinations 


Januatf /, T'p/d, 
Calcutta 
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The Publishers 


SECOND EDITION^ 

We are glad to note that the book has been given a warm 
reception by those for whom it is written The opportunity 
of a fresh edition has been utilized in printing the part I of this 
book in bolder types and in making somqiuseful additions 
and alterations The Contents and the Index have been much 

I ^ 

fuller than before 

; 

ir 

' Diiember t, igzg, \ 

CaICDUA ; fOBLISHERS 



EXAMPLES IN PHYSICS. 


CHAPTER 1. 


Pendtilani — 

The formula that holds m the case of a simple pendulun 


TS 




g 

where /=time of a complete oscillation in seconds 
/= length of the pendulum 
and acceleration due to gravity 

A Seconds pendulum is one which makes Jialf completi 
oscillation in a second 


T e 




EXAMPLES — 

I The lalue of ^ata place is 981 cm per sec per sec 
Fmd the length of the seconds pendulum [ C U ipia/i 7, ’19 

Let /=fequired length of pendulum, 


then 


y g /V 981 


981 

j 981 gSi 

• / = ,-8^=99 39 

2 Show that in a place where ^=987, a pendulum woulc 
oeat seconds if its length were i metre 
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% 

32 2, -fthat IS the length of a pendulum vibrating 
s ^ ' [ Atis — 5 I ft 

.dulum IS 7 feet in length and it -makes 10 com- 
ons in 20 seconds Find the value of ^ at the 

[ Arts — 69 I ft per sec 




he value of ^ at the top of a mountain ^\bere a 
nsttucted to beat seconds at a place where 
' be shortened ths of its original length m 
It beat seconds [ Arts — 150 


IHnts — 







ngth of a seconds pendulum is 39 2 m , find 
* the pendulums ivhich -will vibrate m J sec and 

[ Afis — 2 45 m , 156 8 In 
3 length of a pendulum which will oscillate 56 

Jnds [ Ans — 37 5 in 

Hits — 55/56 « 


my oscillations will a 
? 


pendulum of length 4ft 
[ Ans • — 24685 appro\ 


H* — i-ry //g= Try 4/32 2 


The number of oscillations in a day (86400 

, S6400 

■jiven by «« — ~ — 


econds pendulum loses 9 seconds per day , 
alteration lu its length, so tBfat it may keep 


$400 seconds 

idulum loses 9 seconds per day, it beats 
* y or 86391 times m 86400 seconds, so that 
ion is 86400/86391 second (and not i second 

s length ^ Now 
_ \ f I 86400 
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Let Its length, be changed from I to l+x to make it keep 
correct time , since, in that case, it becomes a true seconds 
pendulum, its time of oscillation becomes 4«i second 


Hence 




l+x 


g 


■= I 


(2) 


Rom (i) and (a) ■ 

5400 ^ 

^8639 1 


Subtractm^ 


,x t /S640o\“ 


X -{ x + 

86391 


r 

iS 


I - 1 + 

86391 

+ etc 

18 



86391 




32X7* 

86391 ) 


22® 


} 


iS 

'86391 


Hence the length of the pendulum must be shortened 
by 008 in 

10 A faulty seconds pendulum loses 20 secs per day 

Find the alteration in its length so ’that it may keep correct 
time ^ [ Ans — or5 in 

11 Two simple pendulums of length i metre and i r 

metre respectively start swmging together with same ampli- 
tude Find the number of swings that will be executed by 
the longer pendulum before they are again swinging' together 
[ ^=978 ems/sec ] [C U 1909 Ans-^ 

12 If the frequency of osalktion of a pendulum IS 98 per 
minute at a place, where ^=980 cm per second per second, 
£nd the length of the pendulum [CU ’16 Ans — 9 3 cot 



CHAPTER II. 


HYDROSTATICS 


es, the following facts may be noted — 

i cubic foot of water is looo ounces or 
Is 

a cylinder of radius r is 

ace of a sphere of radius r is 4irr* 

. 1 sphere is 

Dentil) 

any body is given by the formula 

Where ' ' 

^=mass of the body, - 
P— volume „ „ 

I ns in radius has a mass of ro kilograms 

i 

1/ r 

... , rox looo ^ . 

O « >, 

*tal weighs 40 5 kilograms and its volume 
• s density ? [ Ans — 2 7 gms/f i 

.ity of a substance which is five times as 
your answer in ounces per cubic in 

[ Ans — 2 89 oz per cub m 
' oy 4 by 10 5 cm "What weight of water 
' [Ans—ssSgms 
ight of a litre of mercury ( Density of 
‘ , c [ —13600 gms 
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■^6 A capillarj glass tube weighs z gm A thread of 
mercury lo cms long is drawn into the lube when it is found 
to weigh ' 6 gm Find the diameter of the capillary tube ' 

Hinis, — Wt of mercury = x ioxi36={6- 2)gm 
Hence r = 03 cm ' 

7 The mass of 10 cub ft of a metal is 800 lbs Find its 
density in gms per c c 

1 lb =453 6 gms and i cub ft =28315 <. r" 

Hem e P=it// r= — =i 28 gms perc^ 

8 Iron has a density of 7 76 Find the weight of 100 

cub ft 01 iron [jlns — 48361 lb 

g Density of glass is 2 5 Find a hat volume weighs 
4 25 gms [Atis — lyrr 

10 A bod j w eighs 500 lbs and its density is 4 Find its 
volume ? [ Ans — 2 cub ft 

/ II A flasL when empty weighs 120 gms When full of 
Hir It weighs 12 1 3 gms and when full of water 1220 gms 
calculate the deasity of air f An$ — o 001 18 


Fluid Pressure — 

Ihe tntetistt) of pressure at a point A t e the pressure per 
unit area round A at a depth h below the surface of a liquid of 
density p (neglecting the atmospheric pressure) is given by 
the evpression p—gPb 

If the atmospheric jircssurc is taken into account, the 
pressure at A is given by 

p=gp/l^r ' 

where ir is the atmospheric pressure on unit area of the 
surface of tht liquid 

EXAMPLES — 

12 Find the pressure due lo a column of mercury 50 
cms high Does the pressure vary with the diameter of the 
tube m which the mercury is made to stand ? 
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.181x136x50, taking ^=981 
) 667 X 10* dynes 
> 667 megadynes 

end and closed at the other," 

■ density 13 6) The closed end- 
ir, and the mercury m the open 
than It does in the closed limb 
nsity of pressure on the air in 
J 1910 Ans — I 4X 10® dynes 

assure and intensity of pressure 

eight of a column of water in 
se may be equal to 10® dynes 
\Ans — 1019 4 ems 

3r IS I 025 Find the pressure 
surface in pounds per sq ft 

an area of i sq ft = 10 cub ft ^ 
weighs — 62 S lbs_, 
r „ — 62^x1 025=64 06 lbs 
sea-water weighs — 10 x 64 06 = 
d this IS the pressure per sq ft 

sq eras IS sunk to a aepth of 
‘ f a liquid of density 055 Find 
<• [ Ans — 22 gms wt 

d from a tank at a height of 
water pressure? 

[ Ans — 2604 lbs per sq in 

the bottom of a pond 15ft 
re being 15 lbs per sq inch 
[ Ans — 21 5 lbs 

circular disc i6 ems m diam 
. 6) in order that the pressure 
' [ Ans — 25 ems 

hich^ is 10 ems is suspended 
ind Its upper surface at a depth 


I 
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of lo cms below the surface Find the pressure on each of 
Its faces [ Ans — loo gms above, 2000 gms below and 

1500 gms on the sides, 

Archimedes* Principle — 

A body immersed m a liquid seems to lose a part of its 
weight due to an upward pressure exerted by the liquid, and 
this apparent loss in weight is equal to the weight of the dis- 
placed liquid, the volume of which is necessarily the same as 
that of the body immersed 

EXAMPLES — 

22 Describe how you ould demonstrate experimentally 
the truth of the principle of Archimedes and explain what 'is 
meant b) the apparent weight of a b*ody in water 

23 Explain how Archimedes’ Principle may be used to 

distinguish a metal from its alloy [ C U 1912 

^ 24 State the condition of floatation of a body immersed 

in a liquid 

25 What volume of water will be displaced by a bfock of 
wood of 590 gms weight The specific gravity of wood is o 65 

■ [Ans — 500 c c 

26 A piece of cork of mass 100 gms and density o 25 
floats in a vessel full of water Find how much water overflows 

[ Ans — 100 c c 

27 A plate 10 metres square is placed horizontal!) i metre 
below the surface of water, when the height of the'^mercury, 
in barometer is 760 millimetres What will be the total 
pressure on the plate ? (The density of mercury = 13 6) 

[ C U ’ll , — 11336X981x10* dynes 

28 ' A lump of 'copper weighing 16 ozs is placed in a 

tumbler and causes i 8 ozs of water to overflow Calculate 
tne specific gravity of copper [Ans —8 88 

29 The specific gravity of sea-water is i 028 and that of 

ice IS o 9 1 8. lATiat fraction of the volume of an ice-berg floats 
•out of water ? ' ® 
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■ ■ . j 1 of the ice-b?rg 

• • outside the water 

■ of floatation, > 

> d pressure of the displaced 


- f'*) X 1 02S 


91S 

S 


107 


inly 500 cubic yards exposed 
ific gravity of ice is o 91S and 
[Atts — 4.j2^ fud yds 

ling 20 gms floats in water 
d Find the density and the 
) 2 gms per c c , \ol — 100 c c 

ific gravity o 5 is floating m 
nd the fraction of its volume 
[ Arts — 06 

33 A block of wood ro lbs \vt floats in a liquid with ^rd 

of Its volume above the surface IVhat weight must be placed 
on the block in order just to sink it ? [Ans — 5 llis 

34 Deteimine the position of equilibrium of a sphere of 
glass (density 2 8) vvnich is dropped into a vessel containing 
mercury and water (Density of mercury is 136) 

Let P be the volume of the sphere and y the portion] of 
Its volume immersed in mercury 

Then ( V-V) of the volume of the sphere is in water - 
f'xa 8=;f<"xi3 6+(r- P’)xr 
Or Tx X 8= 12 6 

Hence P’/PW 143 or the sphere will rest in equi 
librium with only 143 part of its volume 
immersed in mercury 
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Atmospheric Pressure — ^ 

If ir denotes the atmospheric pressure in dynes per sq. cm. 

then r=hpg 

where h is the barometric heiqhl 
' P ji jj density of mercury (=13 596) 

g „ „ acceleration due to gravity 

The normal atmospheric pressure r e ’ that due to the 
barometric height of 76 cnis is gn en by 

t=76x 13 596X9Sr=i,or^,663 dynes 

In order to e\press the 'itniospheric pressure in gins weight 
per sq cm — w c consider 1 barometric pressure due to a 
column of mercury 76 ems high and i sq cm crossrsection — 
tins quantity of mercury occupiej, 76 cr 

Non, I 1 4 of water ‘seighb i gm 
76 >1 » 7 ^ 

Hence „ „ mercury „ 76 x 13 596 gms = 1033 gms 

Thus the press is equal to a wt of 1033 gms per sq cm 

Again to express the atmospheric pressure in pounds per 
sq mclij—ne consider a barometric column 30 inches high 
and I sq cm cross-section , this column occupies a volume 
of 30 cub inches 


Now T cub ft of water weighs 62 5 lbs. _ 

I cub inch „ „ lbs 

1728 

/ ' 
and „ „ mercury,, j^xi3 5o6 1bK 

* ” 7^^*3596x30 

u , ~ *4>75 

pressure is equal to a wei</ht of 
*4 75 ^bs per sq inch . ® 


examples — 


35 Deduce the 
barometric height of 


pressure per sq cm. corresponding to a 
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of mercury m a column 70 cms high and 
I sq cm area=7ox i cc 
■ ht of I c c of water= r gm 
of I cc of mercury =13 6 gms 
of 70 cc of mercury = 7ox 13 6 gms 
= 9520 gms 

lUre required =wt of 9520 gms of 

mercury per sq cm 

e thus ,—p~9gh 

=981 X 13 6 X 70 dynes per sq cm 
,ht of waterrbarometer is 30 ft Deduce the 
spheric pressure in ounces per square foot 
s [ Arts —30,000 07/sq ft 

the height of a water barometer when the 
'r reads 20 inches ^ ‘ [ Arts — ^31 ft 

if glycerine is 1 27 Find the height of a gly- 
when the water-barometer stands at 25 4 ft 

][ Arts — 20 ft 

, inge in the atmospheric pressure on a square 

. w- by a fall of i inch m the height of the baro- 
metric column ^ ^ — o 4912/sq m 

Boyk’s Law — 

The volume of a gas vanes inverselj as its pressure, tem- 
perature remaining constant 

Let V = mitlal'vol Of a gas 
Z’ = its initial pressure 
and P = Its altered volume 

■P — corresponding pressure 

Then PV>=^ a constant, , h this law 

^ PV’ 

EXAMPLES — 


40 State Boyle’s Law, and explain it? What is the 
re lation betw een the density and pressure of a gas ? 

The volume of a quantity of gas is measured when 

nmeter j^lnnrle nf e .J i.. ^ 


41 


r- „ ijuttuiity ui gas IS measurea wneii 

7° and is found to be 760 cc 
» nat will be its lolume at the normal pressure ? 
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Normal pressure=weight of 76 cms heighrof mercury 
Now apply Boyle’s Law PV—Pl^ 

Here 76, P—’jo and V‘ = 760 
70x760 

we ha\e 1 '= — =7oocc ' 

70 

42 Find the pressure at which the gas in the preceeding 
question will occupy a volume of 532 c c [ Ans — 100 7 cms 


43 At a pressure of 78 cms a quantity of hydrogen 

measures 100 cc Find the pressure when the volume is increas- 
ed to 150 cc [ Ans — 52 cm 

44 If a certain pressure is equal to that exerted by a 
column of mercury of height 760 mm , find its mi^nituae 
Density of mercury = 136 [C U 17, Ans — 1033 6 x gS i dynes 

45 At 76 cms pressure one litre of air weighs 13 gms 
“iMiat w ill be the weight of air contained in a litre flask when 
the barometer reads So eras ^ 

At 76 eras pressure 1 litre at 80 occupies -a volume 
litres (from Boyle’s Law) 

Its weight=|lix I 3=1 37.gras approx ' 

46 A uniform tube closed at the top, open at bottom is 
/ plunged into mercury, so that it contains 25 cc of gas at an 

/ atmosphenc pressure of 76 cms , the tube is now raised until 
the gas occupies 50 cc How much has it been raised ? 

' [ Ans — 63 cms 

47 The volume of an air-bubble increases si^-fold in 
rising from the bottom of a lake Fmd the depth of the lake, 

-the barometer readmg 70 cms ( Density of mercury =13 6) 

, Pressure at the bottom of the lake — 

=atmos press -{-press due to h depth of water 
='wt of 70x136 cm of water -{-wt of A cm of water 
=wt of ( 70 X 13 6-{-A)cra. of vTater 
From Boyle’s Law 

(70x136-1-/0 ^=70x136x6^ 

A=47 7 metres 


whence 
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ir-bubble at the bottom of a pond 15 ft deep has 
• il to i/tooo of a cubic inch , find its volume 
, les the surface, the height of ■vvatcr-barometer 

[ Ans — 0 0015 cub in. 

lantity of '‘ir 3 cc m vol and at atmospheric 
troduced into the space above a barometric 
1 oriqinallv stands at 76a m m The column is 
190 mm Find the volume occupied by the 
' [ Ans — 4. c c 

-Apply Boyle’s Law 

1 K Pi. 1*' c 3 ’< 760= ^'’2(760 “ > 9^)1 
rometcr tube of uniform bore is 34 _in long A 
of air IS left m the tube abov e the mercury, so 
eter registers 30 in when the true atmospheric 
>5 in What will be the true baromcteric reading 
neter registers 28 in ? 

-volume F-i of enclosed air is (34 - 30)5=4 units 
It a pressure jPi = (3o 05 - 30)= 05 

y, the volume is (34— 28)=6 units 
It a pressure =/’, (say,) 

Or 4 X 05=6/’* whence /’*= 03 
I is IS the pressure of air enclosed 
Jmetric pressurc=2S+ 03 = 28 03 m 

y barometer contains some air which occupies 
ids at 7.^0 mm when a true barometer indicates 
3 mm find the volume the air will occupy at 
5sure 760 mm [ C U 191 1 A^s—o 132 c c 

of air weighs r 293 grammes at a pressure of 
i o C What will be the weight of a littre of 
3 temperature when the barometer stands at 
[C U 15, Ans — 1 327 gms 
n quantity of gas is allow ed to expand to i c 
I volume Wliat will be the pressure it will 
onginally at a pressure of 750 millimetres 
temperature remaining constant throughout? 

[ C U 1916 , Ans — 500 mm 
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Specific Gravity — 

So Cr wt' of a body 

< ^ ^ of eq vol of witer 

EXAMPLES — 

54 Distinguish between density and specific gravitj’ of a 
bod> 

E\press the specific grant) of lead both m the C G S and 
FPS s) stems* 

55 A ton of metal occupies a \olume of lo cub ft 

Find its specific graiitv referred to water as the standard 
substance ? ► 

1 ton = 2240 lbs 

The mass of a cub ft of the mcLal is, (2240 — lo) lbs 

and the mass of a cub ft of water is 62 5 lbs 

Hence the required specific gravity (which is the ratio 
between the masses of equal volumes) is 

'»24-- 125/2=448/125=3 58, 

56 A cylindrical glass tube has a length of 21 ems and 
its internal diameter is o 8 cm Find how many grammes of 
mercury will be required to fill the tube 

Mass of mercury m the tube 

= j/p=irlp where <?•= cross-section of the tube 
= 2^x016x136 =i436gmb 

^ 57 The internal diameter of a cylinder is 2 ems its 
length is 2 metres and its weight w'hen empty is 1,75 gms, when 
filled with a liquid it weighs 2S5 gms Find the specific gravity 
of the liquid [ o 31 

58 Two litres of a liquid of specific gravity o 5 is mixed 
with one litre of another liquid of specific gravity i 5 and the 
mixture occupies half the volume of its components Find the 
specific gravity of the liquid ? 

The volume of the mixture is J. x 3000= 1500 c c 
If P IS the density, the mass of the mixture in gms is 
F=7 5 ooxP gms 
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50oxp = (iooox I 5)+(2pooxo 5) 
=1500+1000=2500 cc 
p = 2500/1500 =16 

of metal of specific gravity 8 9 weighs 15 8 
Find Its volume [ C U ’14 , Ans — 2 c c 

of metal weighs 100 grammes m air and 88 
r \^at would It weigh in a liquid of specific 
[ C U ’15 Ans— 82 gms 

veights of two liquids of specific gravity o 2 
d together and a contraction of 5 per cent 
olume What is the specific gravity of the 

[ Ans— 2 5 

^ ire IS made of 7 c c of a liquid (specific 
i 3 c c of water The specific gravity of the 
d to be I 615, Determine the amount of 

[ Ans — o 3 c c 

■cific gravities of two liquids be 2 and 3 res- 
e specific' gravity of a mixture containing 7 
of the former to 3 parts by volume of tbe 

Mass of ist=(7 X 2)= 14 
„ „ 2ndc=:(3X3) = 9 
lotalmass=23 and total vol =10 
^ Hence p = 23/10 = 2 3 

volumes of three liquids are mixed together 
' lecific gravity 2, that of the second is 3 and 
ty of the mixture is 2 6 Find the specific 
rd [ Ans — 2 8 

uids have specific gravities 2 and 3 respect- 
weight of the former is mixed with 3 parts 
le latter Find the specific gravity of the 

[ Ans — 2 2 

weighs 20 gms in vacuo and 15 gms in water 
and specific gravity 

= weight of displaced water 

( by Archimedes’ Principle ) 
=(20-15) gms = 5 gms 
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Vol of body =5 c c 
Specific gravity =20/5 =4 

67 Find the apparent weight of a substance (density =2) 

in water which weighs 10 gms in vacuo [ Ans — 5 gms^ 

68 , A body weighs 62 gms in vacuo and 42 gms in water , 
find Its volume and specific j^avity 

[ C U ’19 y Ans — vol 20 c c , sp gr 3 18^ 

69 Find the volume of a solid which weighs loo gms < 

in vacuo and 50 gras m water [-Ans — 50 c c 

70 A hollow metal stopper weighs 30 grajs in air and in 
water it weighs only 5 gms The density of the metal being 3^ 
find the volume of the internal cavity 

Here, volume occupied by the metal (excluding the cavity) 

=^=iocc=vol of displaced w'ater 

= loss’ of wt of body in water 

Now, total volume =(30 — 5)5=25 c c 

Hence volume of cavity 5= 15 cc ' 

71 Weight of a body in air is 20 gms and in water it 
weighs X5 gms Find its apparent weight in a liquid of specific 

[^«J-i 7 5gms 

72 Two bodies are in eqjiihbrium when suspended m 
watM from the arms of a balance the mass of one is tn, and 

ite density is If the mass of the other is w- what is its 
density ? 


Volume of the ist body Vj.=in^fsi 

3, 3, 2nd „ mgf Si xrhers ^ 

1 its density 

App wt of the istbodyin water 

j> 33 33 2nd „ „ =mi-tnJsi 

and these are equal, being in equilibnum, 


Hence, — m^fSi whence jj is found 

/3 Two masses of 28 gms and 36 gms respectively balance 
each other i^en weighed in w'ater The specific gravity of the 
first is 5 6 Find the specific gravity of the other [Ans-~2 77 

suspended from the two 
arms of a balance and are in equilibrium when B is immersed 
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795) and A m Nitric acid (specific 
c gravities of A and are 19 3 and 
3 the masses of the two 
[ Am — ^Mass of B is 997 times A’s 

weighs iro gms in air, 70 gms in 
ler liquid Find the specific gravity 

\ater= too — 70=33 gms 
= weight of waiter displaced 111 c c 

1 = 100—58=42 gms 
= weight of liquid displaced 

f the liquid 
=42/30=1 4 

ity of a metal is 19, what will be the 
f^the substance ? 

[ C U *17, Ans — 360 gms 

0 gms in vacuo and 60 gms in a 
5 Find the specific gravity of the 

[ Ans— 3 

0 gms in air, 84 gms in water and 

Find the specific gravity of the 
[ Ans — i 625 
of wood of specific gravity of o 7 
pletely immersed, when a body ^ol 
on It Find the weight ot this body, 
of wood is 100 c c 

[ C U ’13 , Ans — 36 gms 

gravity of a given solid which is 
following data — 

if solid in air=o 2 gms 
f sinker in air =3 o gms ^ 

, inker) m water= 2 45 gms 

vity of'sinker= 7 o ' 

to sinker alone =3 0/7=0 43 gms 

1 ® 4S) gms =0 75 gms 

ilid— o 75-0 43 =0 32 gms 



SPECIFIC GPA^ ir\' 


V M 
^ / 


=wci;rht of pn equal \olaine of -vatr 
.. Specific gravit> of the solid=o 2/0 32= 625 

Sr Find the specific of ?, piece of wood from tpe 

following data — ^ eight of wood=23o gms , weight of a piece 
of iron in water =580 gm weight o' the wood and iron toge- 
ther m water =465 gms [ Ans—^o 6 

52 A piece of cork weighing 10 gms and a sinker weigh- 
ing 3S gms just sink together when placed in water The 
specific cnnt\ 01 the sinker being 4 75 find that of the other 

- — 025 

53 A Xicho'son h}droiictcr required a weignt S 35 
gms to be pl'»ced on the upper pan m order to make it sink 
to a fixed mark on the stem The weight= taken off wisna 
piece o^‘ metal wa? pieced m the upper pan were 5 Si gms tne 
weigntspddea wnen the piece of r-etal was transferred to the 
lower pan were 2 92 gn^ Find tne speafic grrntv of the metal. 

The weigtit of the metal is endentlj = 5 Si gms 

Again the bcovancy of the metal is 2 92 cms 

Hence speafic c^av^t^ = ^-^5= r oo 

• 92 " 

Si A Nicholson n\drometcr sinls to a certain mark in a 
liquid of specific grants o 6 but it takes 120 gratnmes to sink 
to tae u-j-nc. mark in -ater WTiat is the weight of the Indro- 
meter^ [C U ’18 Arts — iSogms 

S5 In an e\pennent witn a solution of salt in water 
containing 30 gms of salt in 1 00 gms of tne solution f’e 
weight of the hydrometer was to gms and the weight required 
to make it sink in water •ms 15 gms Tne weight required to 
sink It m the salt solution wa^. 17 gms Find the specific 
gr?vu> of tne salt solution 

Here, v tight of w-iter displaced < 

==wcight of the h%drometer 

weight on the hydrometer pan 
=fto-ri5) gms=25 gms 
eight of salt solution displaced 
= 27 gms 


EXAMPLES IS PHYSICS 


nee, specific gravity of salt solution 

27 

= — =i o8 

25 

Nicholson's hydrometer weighs 200 grammes and 
grammes m the upper pan to sink it to the fi\ed 
weight must be added to or subtracted from the 
he upper pan to bring it to the fixed mark, when 
in a liquid of specific gravity 12? 

[ C U ’ll , Afis — 50 gms 
3 gms has to be placed in the pan of a hydrometer 
the mark in water and 50 gms only in another 
the weignt of the hydrometer is too gms, find the 
vity of the liquid ? [ Ans — 0 75 

fiask which when filled with water weighs altogether 
as So gms of a solid introduced, and being then 
th water weighs 470 gms AVhat is the volume of 
ne of the solid and also tlie specific gravity of the 
[ Afis — ^volume 2 50 cc , sp gr— 4 
nugget of gold mixed With quartz weighs 12 ounces 
oecific gravity 6 4 , "given that thi*" specific gravity 
19 35 and of quartz 2 15 Finn ('.o one place of 
le quantity of gold m the nugge' 

Let X be the quantity of gold in 'che nugget 
Then 12 --c IS „ quartz | „ 

Then vol of gold = — ' 

I9 3'5 
( 

1 2 X 

and , „ quartz 

^ ^ 2 15 

il contained m the nugget = a/j9 35 + (12 -x)j2 j 

( X , I2~x\i 

+ 16 4 = 12 ozs 

19 35 2 I5,y 

2, = 8 g ozs , 

lump of metal is known . to consist of silver and 
IS not known how much gold and how much silver 
> veighs 20 gms m air and 18 7 gms in water How 
is there in the mixture ? Specific gravity of gold 
silvcr=io5 [Am — 13 92 gms 
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91 A piece of lead weighs 7 88 gms in air, 7 1 9 gms in 
water and 7 33 gms in alcohol A piece of oak weighs 13 2 r 
gras in air and the oak and lead together weigh 4^7 

in vater, find the specific gr^ity of lead, oak and alcohol 

[ Ans — ^lead-Ji 42 , oak-o 85 , alcohol o 797 

92 A body of specific gravity i 85 is weighed in a 
mixture of alcohol, (specific gravity o 82) and water Its 
weight in air is 28 8 gms and in the mixture -14 i gms !^nd 
the proportion of alco&ol present ? 

Weight of ivater displaced =28 S/r 85 =15 57 gnns 
Weight of mixture displaced =28 8-14 i * = 14 7 gnas 
Specific gravity of mixture =14 7/15 57 = 944 

Now, Let total volume of mixture 

7^= volume of alcohol present 
Then V- 7 ^^=volume of water present 
Hence Vyc. g44=(I^- F'^)x j+ 82 
Or Fx 056= F^y 18 F^= 31 F 

o 31 of the volume is alcohol 

93 Th^volum'e of a balloon is 200 cubic metres and its 
weight witli car is 120 kilograms Determine the lifting power 
of the balloon when it is filled with coal gas i litre of which 
weighs I 193 gm , a litre of air weighing r.293 gra 

Buoyancy per litre = i r 
Volume of balloon =2co,x 100 x 100 x 100 cc 
„ =2oox lo X lod in litres 

Buoj'ancy =20ox 1000 x i 1 — 220,000 
Lifting Power = 220,000 — 120,000 = 100,000 = 100 kgm 

94 A prism of cork, 16 cms high, and of square section 

equal to 2 cms side is cemented to a prism of lead of the 
same cross-section and i cm high The composite prism is 
allowed to float in water How’ much of it w’lll project above 
the surface of the water ? [ Specific gravity of cork -o 25 
specific gravity of lead -ij ] [ C U ’10 , Atis—2 cms 

95 I litre of hydrogen and a litre of air weigh about o 9* 
gramme aud i 3 grammes respbctively at a certain temperature 

and pressure (pj ^Vhat will be the capacity of a balloon 
weighing 10 kilogrammes, which just floats when filled with 
hydrogen having the same pressure (pj and the same tempera- 
ture f/; as the air > [ C U ’ 12 , Afis —8264 46 litres. 
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96 Find the lifting power of a balloon of 500 cubic 

■netres capacity and filled with hydrogen (r Litre of hydrogen 
weighs o 089 gra that of air -t 293 gm ) [ Atts —60 2 kg 

97 Describe some form of air-pump If the size of the 
■ eceiver of an air-pump be i cub ft and that of the barrel of 
• he pump 24 cub m , how many strokes are required to reduce 

to one-tenth the atmospheric pressure ? 

■Let F=vol of receiver = 12 x 12 x 12 cub in 
»=:vol of barrel =24 cub in 
P ~ densit) of air before the operation 
» « after ist upstroke 

» )i ,1 71th „ 

Then after the 1st upstroke 

F p=(F'-f z>)Pi whence P,= p 

r+V 


After the «th upstroke 



By Boyle’s law, density varies as pressure 
Hence P^lP-ifto, 


Substituting for Fand ?/ , 





Or n {'log 72 —log 73 1 = — log lO = - t 

Or 71(1857-1863} = - 7i( oo 6)=5 — X ws= 167 

98 The volume of the receiver of an air pump is 500 cc ' 
and that of the barrel is 75 cc Find after how many strokes the 
press IS reduced to less than half of its original vol [ Ans — 5 

99 Explain how to compare the densities of tivo liquids 

which do not mix by means of a U-tube Mercury is placed 
at the bottom of such a tube and m ater sufScient to occupy a 
length of 54 cms of the tude is poured into one limb By how 
much will the level of mercury be altered and how much oil 
must be poured into the other limb to bnng it back to its 
original position ? [ Ans — arises r 99 cms , falls i 99 cms 

TOO The lower portion of a U-tube contains mercury How 
many inches of water must be poured into one limb of the tube 
to raise the mercury i inch in the other [Ans —27 2 in 



CHAPTER 111, 

HEAT. 


Tfiennonistnc Scales — 


The rule of conversion from one scale to another is given by 
y-~ 3 a C R 
9 ~5 "4 

EXAMPLES — 

1 Find the relation between the different scales of 
temperature 

2 Convert the 'ollownng centigrade temperatures into their 
equivalent Fahrenheit 

(1) 2o‘C(ii) Sso‘C (m)-6X (iv)-so'C(v) iSo‘C 
[AkS — 68" 1562° 21*2 J 58* , 12"F 

3 Convert the lollow ing into their eouivalent Centigrades 

(i> 23 o*F (n) 27'F (in) -to'F (iv) -49"? 

(v) 212T (vn) 32"F 

C Ars—i^o” , 2 g’ , •2$”^ 45°* loo" , o* 

4 The freezing point of mercury is given bj the same num- 
bers on the Centigrade and Fahrenheit scales Find the temp 

We have 

9 5 

Let X be the reqd reading on both the thermometnc scales 


.r= .40 


then — or x= —3:4. ^2 

-9 5 5 

5 Conv’crt the following Centigrade temperatures to their 
equivalent Fahrenheit and represent their relation bj a graph 

(1) 10V (2)2oy (3) soy (4) 40V ( 5 ) 50 ’f (6) 60V 
'6) 60 c (7) 70 c (S) So c (9) go't (10) loo'c 

temp vvhich is given by the same reading on 
boih the Fahrenneit and the Reaumer scales [ Ans —25" 
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EVAMPLES IN PHYSICS 


Expansion of Solids — 

Let be the length of a body at o®C 

/i it II II II at / C f • 

oc the linear co efficient ot expansion of the 
substance of the bodj 

Then <— — jj (i) 

Hence /*=/<,(! +=tt) (2) 

And increase in length = /* - /q = (3) 

Similarly for surface and volume expansions w'e have 
Surface expansion S^So (i + W) 

Volume ,i V=Vo (i -^7/) 
here / 3 i= the co eff of superficial expansion=2< 
and 7 = , , cubical , = 3 < 


Again for expansion of a solid between anv two tem- 
atures 

we ha\e /=/<, (i+ot/) 

and ^'=/o {!+</') 

/ !+«</ 
or /'=/ 

I+et/ 

neglecting terms involving square and other powers of «<, as 
< Itself IS very small 

Hence /=/{i+=c (/'-/)} 

EXAMPLES — 

7 The length of a copper rod at o'C is too ems. Find 
Its length at (i> loo'C {2) 150X (3) 5 qo°C, 

^ ^•** /q (t "I" °tjf) 
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Here =100(1+000017x100) 

= ioox I 0017=100 17 cms 

8 A bar of steel is 10 5'ds long at o°C \Miat will be its 

length at so^C ? [ Ans — 10 00321 yds 

9 The length of an iron rod at o°C, is 100 cms Find its 

length at io®C ^ [ Ans — 100 012 

10 If an iron steam -pipe is 60 fts long at o°C what is its 
length when steam passes through it at ioo®C [Ans — 60 072 ft 

11 A pi 'ce of iron wire IS exactly ioo'24 cms at aoc^C 
What will be its length at o®C ? 

/'=/o 

Here too 24— Io (r+ 000012 x 200) 

= /’oXioo24 /o= 100 cms 


12 A brass and a steel rod are each one metre long at 
io®C Find the difference in their length at 6o“C 

'' [Ans — 0 03 cms 

13 A platinum wire and a brass wire each measures 300 
cms at loo^C Find their length at o“C 

[ Ans — Pt wire 299 4 cms , brasswire — 299 5 eras 

14 If a brass yard measure be correct at the temperature 
of melting ice what will be its error at the temperature of boil- 
ing water ? 


Increase in length = /o<t = 36 x 0000 19 x 1 00 = o 0684 

15 An iron bar 2 ft long at o®C increases in length by a 
quarter of an inch, when placed in a 'furnace IVhat is the 
temperature of the. furnace ? 866 %C 

copper rod IS 30 in; at o®C 
What isthe length of a steel rod at o°C that has the same 
length as the copper rod at i^oo^C ? [.4«s--3o 01 8 in 

,'^SV’^°“^^^'sonarailwayai‘e’5ft long IVhat space 
must be left between two consecutive rails to allow space for 
expansion if the temperature may range over 1 oo°C ? 

[Ans — o 072 in 

iS The length of a glass tube at o”C is 153 86 cms at 
100 It IS 154 cms Find the co-ef 5 cient of expansion for gl 4 s ^ 

[ Ans — 6 0000086 
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EXAMPLES IN PH\SICS 


19 A copper rod is 100 dll'; long at o°C at what temp- 
erature vnll It have increased by i mm ’ [ Ans — 58 8C 

20 Explain wny the lengths of the metal bars of a com- 

pensated pendulum should be inverse!} proportional to the 
efncient of e' nansion of the metals ' 

21 A gridiron penaulum has 5 iron rods each of i metre 
length and 4 brass rods Find the length Af each brass rod 

As the expansion of rods of the same material on either 

side o' the central rod are the same, we have to con'sider 

here the e' pansion of iron jods and iufo brass rods 

only 

,, 3/ _ 0000180 _iSo , » , 

Hence 'rTi~ ~~rrZ77Z~ T“> ''hence to find P 

^ 22 A gndiroa pendulum contains 3 feet of iron rod What 

lengtn of zinc rod will be required to be used in its 
construction ^ [ Ans — i 22 ft 

23 The distance between tw o marks on a copoer rod at i o®C 
is 20= 34 in Find the length at Joo®C 

Here difference m femp =9^"® 

Increase in length =l<{f - r) 

= 2oo34y9oy 000017=306 
length at ioo®C =200 34 -fo 306=200 646 in 

24 What change takes place in the diameter of an iron 

hoop which measures 80 eras across at ro®C when the temper- 
ature changes to 3o®C ? [ Ars — o 01952 ems 

25 A certain badge of iron 1530 }ds long Find its 

change in lengtn during the >ear, assuming the range of temp^ 
to be -r5®C to 45‘’C [ Ans, — o 2196 yds 

26 Two bars of iron and copper differ in length by 10 
ems at o*C Wnat must be the lengths of the rods in order 
tnat tnej may differ by the same amount at all temperatures ’ 

' [ Ans — ^Ixon — ^30 ems , copper — 20 rmg 

2 / A certain clock with an iron pendulum rod is made to 
Keep correct time at 5®C How will its rate alter if the temo 
rises to 3o®C? [ Cy Q 2 C U 1913.' 

There are 24 y 60 y 60 or 86400 secs in a day 
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A correct seconds pendulum make 86,400 swings v 
Now the period of oscillation of a pendulum is given by 


r=2- 


f I 


— ^/ 4 - 


Here 


0003 


For 7 ' =/<, (i + 000012 X 25) 
= /(i+ 0003) 

= 7 x I 0003 

Here if /= i, /' = ■/ 1 0003 


No of-swinscs at ^o’C— 


86400 
4/ 1 0003 


_ i 

=86400(1+0003) - 

= 86400(1- 00015) approx 
Hence the clock loses 86,400 x 00015 secs 

or 12 96 secs per day 

28 1 A pendulum consists of a bob suspended by a steel 
wire whose co-efficienl of expansion is 124x10—® If the 
pendulum beats seconds at o'C , find the number of seconds 
lost per day supposing that th^ temp is constant throughout 
the day and equal to 25‘‘C [ Ans — 13 g6 secs a day 


29 An iron clock pendulum makes 86, 405 oscillations pei 
day, at the end of the next day the clock has lost 10 seconds 
find the change in temperature 

Times of oscillation in the two cases are 


^ S6400 
"^-86405""'= 


and /'=|p^^sec 
86395 


Since the clock loses, its former length, say /, has evidently 
increased due to a nse of temperaturo t to some length 7 ' such 
that 


7 '=: 7 (i +0000117 i) 
But i^//'=y 77 ? 


"PLES IS PHYSICS 


V I + 0000117/ 

(1+ 000057/)“ = ! 00000585/ + 
t9" C 

't! boiler IS a circle of 3 ft in diameter 
ge in Its area when beared to ioo“C? 

' cle=tr/® = -2x I 5X r 5 
'/= So (l -i-( /) ! 

=^xi5xi5(i+ 000024 s 100) 
=!=iS/-iSo=-»x I 5x I 5X 0024 
= 017 sq ft 

0 cms long and 10 cms broad at 0° 

ioo°C Ans — too 38 sq cms 

1 piece of glass at loo’C is r 00 258 
00 cms Find the co efft of cubical 


Vt = Vo { 1 + 7 /) 
loo 258 = 100(1 + 1007 ) 
= 100 + 100007, 


7 = 


- 3 . 53 . 

1000 


0000258 


33 Linear expansion for glass is o 0000083 Find the 

■volume at i5°C of a glass flask of exactly i litre capacity at 
o°C [ Ans — 1000 37 c c 

34 A glass vessel holds 6 litres at is'C How much will 

It hold at zs'C? [Ans — 6 0016 litres, 

35 A lump of iron has a volume of 10 cub ft at loo'C 
Find Its volume at ai'C (>< for iron =000012) 

Vi =F'o{i+7(/'-/)} 

10 == Vo{s + 000036 X 75) 

= Fo(i + 0027) 


Vo = - 


10 


I 0027 


=9 97 cub ft 
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36 ={. for a certain metal IS o 00C017 How raucn must be 

the temperature r?ised in order that it may increase i per cent 
in \oluTie ? [, 

37 The density of a piece of glass at io°C is 2 6001 and 
at 60X IS 2 5967 Find the mean co efficient of cubical 
expansion of gfes 

Nov ve have 

p=P3(l-7/) *' 

Here / the difif in temp is 50’C 
2 5967 =2 6001 (1—507) 

= 2 6001 — 507 x 2 6oor 

Then !;o7 whence 7 = 000026 

^ 26001 

3S The specific graiity of a metal at o’C is 5 Find iLs 
lalue at ioo°C referred to water at o*C (Tne coefficient oC 
linear expansion of the metal is o 000016 ) [ Ans — 4 976 

Expaasion of Liquids — 

The relation between the co-efficient of absolute and the 
apparent expansion of a liquid is given by 

7 =7' -{-5, where 

7 =co-efficient of absolute expansion of liquid 

, 7 '= apparent 

g = expansion of the containing ^ essel 

EX \MPLES — 

39 The co-efficient of absolute expansion of mercury 
being 1/5550 ana its co-efficient of expansion relative to glass 
being 1/64S0, find the co-efficient of exp'’nsion of glass 

[ Ans — o 000259 

40 A glass vessel holds when quite full at the temperature 
of melting ice 20 cdb m How many ounces o^^ boiling Aater 
•nil It hold ’ ( 7 for glass is 000026 ) 

Vt= Vo (i -}-7/) 

= 20 (i T 000026 X 100) =20 052 cub in 
Noa wt of I cub It of Aater is 1000 ozs 
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„ 20 052 cubt in „ 


20 052 y 1000 , 

3 =Ti 6 

T3 X T2 X 12 


02s 


4r A solid at o'C, iv ncn immersed in water, displaces 500 
cub in , at 3o‘’C it displaces 503 cub in^ Find its mean co- 
efficient of espansion between o" and 3o"C [ — 0 000066, 

42 Mercury is placed in a graduated glass tube and occu- 
pies 100 divisions of the tube Through how many degrees 
must the temp be raised to cause the mercury to occupy loi 
divisions ? 

Now 7 for mercury = 00018 
^ for glass =0000254, 

V „ =(>-/?•)» 000154 

Again Vi—Vo(i+yf) ' 

101=^100(1-1-000154/) 

' 1=0 0154/ Or r= 64° 93C 

43 An iron bottle contains 20 lbs of mercury at o*C but 
at Too'C It only contains 19 72 lbs for iron being o 000012, 
find 7 for mercury 

Here the volume of the bottle as also that of mercury 
does not change while the density of mercury alone changes 

Then we have 

Fp= Fp,(2-y/> 

Or 1972 = 20(1-1007') 

Or 20007' = 028 


Hence 7=0 00014 

7 = 7 '-!-^= 00014-1- 000036 = 0000176 
44 In an e■^pe^ment^a piece of glass weighing 45 gras in 
aiT was found to weigh 30 gms in water at 4®C and 30 32 gras 
in water at 60*0 Find 7 for water, taking that of glass as 
000024 


Loss in wt of glass in water at 4*0 

= (45-30) gma =15 gms 

Vol of glass at 4*0 = 15 cc 

At 6o*C this volume becomes 


IS (i -fo 000024 X 56)= 15 X I 001344 
= 15 02016 cc \f 
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Loss in A\ t in water at 6 o”C 

=(45 - 30 32) gms = 14 68 gms 

t c 14 68 gms of water at 60*0 occupies i5o20i6ff 
Density of water at 6o'’C 

= 14 68/15 02016 

which again < = i - 56 7 

Or 00041 app 

45 1 he co-efficienl of cubical e\pansion of mercury ih 
000180 and of brass 000060 per *“0 Find the atmospheric 
pressure m inches of mercury at o“C when a barometer with a 
brass scale (correct at 62“/^) reads 30 in at a temp of 50’-^ 

62”/^=i 6*=^C and 5o°/5'=io“C 

Since the brass scale is correct at 16^4 C, its true height 
at io*C 

=(i - 00002 X "§) where 

' 2o/3=Diff m terap=T6*/* ■“ 10 

00002— Lin co-cCft for brass = 00006/3 
=:2g 996 in =true reading at lo’C 

Again the height of mercury at o"C that ocupies a 
length of 29 996 at io"C is 

29 996=7/0 (t+ oooiS— 10) 
when ^0=29 942 ID 

and this is the required atmospheric pressure at o’C 

46 A' glass flask which holds 100 gms of a given liquid 
at 20*0 holds 98 gms of the same liquid at loo'C Find the 
co-efficient of e\pansion of the liquid neglecting that of the 

— 000255 

47 A weight thermometer contains 17 67 gms of mercury 

at 15 C and only 174 4 ioo*C calculate the apparent e\pan- 
sion of mercury [Am — o 000155 

48' Ihe apparent co-efficient of expansion fOr mercury 
glass IS 000154 Find the mass of mercury that overflows 
from a weight therqiometer containing 360 gms of mercury 
at o'C when the temp rises to pS’C [Am — 5*35 gms 
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at 6o‘C IS o g8* find the co- 
between 4”C and fio'C if the 
re be unity [A ns — o 0003 

ccupies 8 0144 cub inches at 
vvhich the volume is increased 

Dulong and Petit’s apparatus 
1 of mercury the hot column 
• column at o^C The height of 
• id that of the cold column i\as 
expansion of mercury 


9 

5000 


= 00018 


L.rr n c' (ir‘ s ■■ 

y^o(i + 'If i) u h ere 

F’o=\ol of any gas at o°C 

^ ~ >> »> H > 

7 =co efft of expan of gas =1/273 app 
Hence increase in volume = Foltt 
EXAMPLES — 

52 A certain quantity of gas measures loo cc at o'C 
Find Its volume at (1) ioo"C (n) i5o°C (m) sooX ’ 


( 1+—) 

\ 273/ 

( i+— ) = 
\ 273/ 


= roo 


137 cc 


53 A litre of hydrogen, at io°C is heated at constant 
pressure to 283 C Find its volume [^ns 2 litres 

at 2?C occupies a volume of litres 

.at 21 C - Find the volume at o'C [ Ans -26 litres 
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55 A litre flask contains o 94S7 gms of air at loo'C 

How much will it contain at o'C. [Arts — i 293 gms 

56 Find the change of volume produced by heating 91 
c f of a gas from o^C to 24°C 

Change in Vol = Voyi^gi x 5^3 x 24=8 cc 

57 To what temp must a gas be heated in order that its 
volume may become double of what it is at o'C [Am — 273‘’C 

Here 7 ^ — Fj, f 1+ 7^) = 2 Vo 

5S A quantity of air memiures 285 c c at 77 6'C Find 
the temp when is volume will be 230 [Am — io“C 

59 The volume of a certain quantity of air at io“C is 
130 and the volume at 31% is 140 c c Find 7 

K= 7 ^o(r +70 

Here 140=130 (i +217) = 130 + 21 x 1307 

10 i_ 

~ 21 X 130 ~273 

60. I gm of Hydrogen ocfcupies 1 1 16 litres at o'C and 
at 30'C It occupies 12 39 litres under’ the same pressure 
Find 7 ' [^«r— 1/273. 


Charles’ Lav/ in Absolute Temperature — 

V— Vo{i +'/{) where F’-vol at 

V=Vo{r+y/') „ 7 >"'-vol at TC 

f'=Lt2'' 

V 14 - 7 / 

2’}3 + t' _T' 

' ' I+//273 273 + t'^T 

where T and T' arc temperatures measured on the 
Absolute scale 

Thus we have 
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EXAMPLES — 

6i looo CCS of air weigh i 293 gm at o'C and o 9487 
at ioo°C Calculate 7 for air from these data. 

~ P " P' 

M P • 

Then we have ° _ 1007;, whence 7 =o 0036 

I 293 

62 Supposing that a quantity of gas were to occupy 500 
at So'C and 550 c c at i2o“Ci what would be the mean 7 

for the gas between 80° and i2o*C [Ans — 1I400, 

63 Find the density of air in a furnace whose temp is 
1200'C , the density of air at o°C is o 001293 

[Ans — 000243 

64 300 cr of air IS measured at ay'C what will be the 
volume at 4o®C, the pressure remaining cons ^ [Ans — 313 cc 

Vol at4o°C 273+40 
300 273 + 27 


65 12 38 lures of an weigh i gm at 3o°C Find its volume 

at 5o°C [ Ans — 13 2 cc 

66 A quantity of gas measured at o'C and 760 mm has 
a volume of 354 c c -Find the volume at 2^'‘C and 740 mm 


We have 


PV FV’ 
T T 


t e 


354 X 760 

273 


740 X V 

-300 =400 cc app 


67 A quantity of air occupies a volume o 8026 htre at 
loo’C and 609 mm pressure Find its volume 

(i) atN T P 

(11) ioo”C and 752 mm 

(ill) — 5o”C and 760 mm 

[ Ans —^1) I (11) I 38 (in) o 8168 litres 
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68 A quantity ot gas occupies 580 cc at i7'’C and 780 

■sura pressure What would be the volume at 30 if the 
pressure remains constant ^ * [ Ans— 606 c c 

69 The temp of a quantity of an collected at N TP, is 
'increased to 7” 18 C To uhat the pressure must be changed so 
thatithe volume may regain its original value ^ [ Atis 7S cm 

70 A gramme of gas at 2fC has the pressure on it halved 

and is then Cooled until it occupies the same volume as the 
first What is its final temperature ? [ A»s — I23°C 

71 A mass of air under a given pressure occupies 44 cub 
in at a temp of i3'’C If the volume of the air be reduced to 
34 cub in I and the temperature raised to 39'’C, show that the 
pressure u ill be doubled 

72 A cubic foot of dry air weighs 540 gr at i4°C and 30 
in pressure Show that an equal volume of air will iveigh about 
535 gm Jit 7°C and 29 in pressure 

73 A quantity of gas is collected in a graduated tube over 
mercury The volume of the gas at io‘C is 50 cc and the 
level of mercury ih the tube is 10 eras above the level ^outside , 
the barometer stands at 75 cm Find the volume which the 
gas would occupy at o°C and 76 cm barometric pressuVe 

> PV_FV''^ 

T r 

Here P=(75-io)=65 ems 

Also V~xo and 7’=i273 + io)=283 

P'=76 and 2^=273 

/ • 

65 X CO ;76 X P , 

Or whence ;''^=4i2ccc 

283 273 ^ ^ 

74.-’ Determine the height of the barometer when a milli- • 
•gram of air at 23’’C occupies a volume of 20 cc in a tube over 
mercury, the mercury standing 73 eras, higher inside the tube 
than outside [ Ans — 76 23 ems 

75 3 cc of,air at atmospheric pressure is introduced into 

the space above the mercury in a barometer, reading 760 mm 
originally The volume of air measures 4 cc Find the depres- 
sion of the mercury column [ Aivi — 190 mm 
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i6°C and 30 6 in pressure a quantity ot gas 
3 cub ill , find Its volume at 2°C and 29 7 in 

[ Atis — 150 cub in. 

quantity ot ga<; occupies 40 cub in at a pressure of 
nd temp 32’C Find the pressure if the volume is 
8 cub in and the temp to 5°C , [ Ans — 28 9 in 


S-'cciiic Heat — 

V 

ectfic heat of a body is a ratio It is the ratio of 
ty of heat absorbed by an unit mass of the 
for unit rise of temperature to that taken by i 
r to be raised through i*C 

t in = mass of a body 
s = its sp ht 
t — Its initial temperature 
T = Its final high temp 

eat absorbed by the body in rising from to T* 
ms (T-t) 'calones 

-ff-r-rhe same amount of heat ^^lll be liberated by 
the body in cooling from to i" 

EXAMPLES — 

78 lOD gms of water at so°C is mived with 10 gms of 

water o”C Find the resulting temperature 45°45C 

79 A body of ro gm is heated to ioo°C and is then 
dropped into 40 gms of water at io“C Find the resulting 
temperature, the specific heat ot the body being o 01, 

Let i be the resulting temperature Then 
Heat lost by the body^fin falling from loo'C to fC 
— Heat absorbed by water in rising from io°C to ^“0 
Or lox 01 (100 — r)=4o(/ — 10) 

/ = 9"8C 

So ^ Calculate the amount of heat required to raise 50 gms 
of a meml from a temp of 30' to loo'C and findthe resultmg 
® IS then dropped into 10 gms of water at 

■20 C The specific heat of the metal is o i 

[ Ans — 350 heatXunits , 46“dC.- 
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Si a bod> of mass logmsat ioo*C is droppe'd into lo 
cms of water at 4S'C and thfc resulting temp is so'C Find the 
specific heat L ° ^ 

Sz 2500 gms of a substance at 91;" wnen put in 3000 cue 
of water at xs'C, produce a nse of temperature of fi’SC Find 
the specific heat - •'’ t o ^^2 

* Water-eqtiivaicnt. — 

The water-equwalent of any bod> is the mass of water 
whese thermal capacity is equnalent to that of the body 
Thus if u) denote the water-eqmsalent of a vessel, of mass 
;« and specific heat s, wc hate 

jvy i =t<t s 
or 7u—irs 

EXAMPLES — 

83 Into a calorimeter whos- temp is I5'’C is placed 34 
gms of water at a temp of 50*0 The temp of the two 
becomes 2o*C What is the water-equivalent of the calorimeter? 

Let TV be the water-equivalent o*^ the calorimeter 
Here mass of water = 34 gms 

Initial temp of calorimeter = i5'’C. 

Temp of hot water =5o'C 

Final temp of w'ater and cal = eo’C 

Now, Heat lost b> water = Heat gamed bv cuilorimeter 
Or mass of water X Its fall of temp- 

—Tox rise of temp of cal 
34(50 — 2o) = rw(2o — 15) whence ry — 2 04 gms 

84 What do you mean by (i) an unit of heat (2) specific 
heat of copper = .092 (3) Latent Heat of steam — 536 ? 

85 A copper calorimeter, of specific heat 0095 has a 

mass of 120 gms and contains 2S0 gms of water at I5“C 
Find the specific heat of a substance w'hcn 375 gms of it at a 
temp^ of loo'C when immersed raises the temp of the water 
to 25 C ^ '■ \Ans — o 1036 

86 The weight of a copper calonme ter is no gms and 
the specific heat ^ of copper >s 0095 400 gms- of water at a 
temperature of i6“Care put into the calorimeter and 60 gms of 
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d to 98'’C is also dropped into 
.ubstance, the resulting temp 

Ihcn 

0 = 60x^98 — 31) y 5 t:alories 

I — 16) calories 

iiox 095(21 — ^16) calories 

5x(;oo + ro 15) calories 
‘ 45 
\ 

1 71S gill at 9S°C IS put into 
w Iter at 1 5°C and the temp 

IS 2 1 "C , the « eight of the 
heat of copper [Afis — o 095 

speafic heat of siUer a piece 
IS heated to 98*0 and then 
imng loo gms of water at 
X iw*, »vvareisii°C Find the specific 

1 heat of the silver, the water-equnalent of the calorimeter etc, 
being 36 « [ Ars — o 057 

89 Determine the specific h'cat of copper from the follow- 
ing data — [<Afis — o 09 

Weight of copper = 16 65 gms 

Weight of watef in calorimeter =49 gins 

Initial temp of copper =99 °5C 

„ , water m calorimeter= 12 "oC 

Final „ of mixture = 14 

Water equivalent of calorimeter, etc = 2 i gms 

90 Determine the specific heat of alcohol from the follow- 
ing data - gj - 

Weight of copper calorimeter = 20 48 gms 

>» It II -J- alcohol =r ~o 5 „ 

„ „ dropped in calorimeter =10 5 gms 

Initial temp of cal -}• alcohol =io°C 

’ » copper =98 o*C 

, Uinal „ mixture =si2 fi'C -- 
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91 A quantity of turpentine 250 gms in weight is enclosed 

in a copper vessel whose mass is 25, gms and is heated to 
xoo‘’C On immersing the whole in 535 gms of water at i3"C 
in a copper calorimeter no gms in mass the temp nses to 
27 s'C Assuming tlie specific heat of copper to be o i, find 
that of turpentine [ Am — o 427 i 

92 A mass of 200 gms of platinum at go'C is placed in 

100 gms of turpentine within a copper calorimetefc.whose mass 
is 30 gras and temp r5°C The final temp of the whole is 
21 7'C Find the specific heat of the liquid, if that ot the copper 
be o 96 and platinum 032 [ Am — o 46 v 

93 A mass of 200 gms of copper whose specific heat is 
o 095 IS heated to too°C and placed in 100 gmS of alcohol at 
8°C contained in a copper calorimeter whose mass is 25 gms 
and the temp nses to 28 s°Q Find the specific heat of alcohol 

(i) Heat given out is that from 200 gms of copper when 
Its temp falls from ioo”C to 28° 5C 


(2) 

(o) 




= 200X 095 X (100 -28 5) 

= 19x71 s 

= 1358 5 calories . (r) 

Heat absorbed is divided into two parts — 

that absorbed by calorimeter weighing 25 gms when 
the temp rises from 8°C 28“ 5C, * 

= 25 X 095 X 20.5 = 48 7 calories (c) 

that absorbed by 100 gms of alcohol of specific heat 
S when the temp rises from 8*C to 28 5"C 
= 100x8x205 = 20505 * { 6 ) 

Now (i) = (a) + (< 5 ) 

^T- whence 5=0639 

® evolved by 1 kg of water in cooling down 
from 100 C to 0 C were employed in heating 10 kg of mercury 

S would the mercury be raised ? 

(Specfic beat of mercury - 033) [ 5c 

ft™/™ ptonum weighing 10 gms is taken from a 

of water at r”c 

f '^“ter^es to a4-C What was the teim 
perature of the furnace? (Specific heat of platinum = 032 ) 

[ ^«.~i774‘'C 
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■i’C IS put into an iron \essel con- 
, 'C and the temp of the water, ball 
ent IS 2 i"Q the weight of the vessel 
^ , the weight of the \csscl being i 
all (Specific heat of !ead= 384 , of 
[^fis — 52 4 /^s 

* density of boiling water is o’gfi and 
■ o*C IS 13 6, calculate the resulting 
jf boiling water and mercury at o°C 
[ jdns — 67°9C 
loo'Cand dropped into 10 lbs of 
) of the water by 5*C Wiat effect 
had there been 15 lbs of water at 
[j 4 ns — a nsc of 2" 4C 

U.atiPi. fj Sl?u pn<i Latent Heats — 

which heat 'is applied, begins to 
aturc, called its Melting Point, 
•Terent substances The tempera- 
thc fusion is finished A similar 
^uid is passing into the gaseous 
nt 

' <sion or of Vaporisation of a body 
ibsorbed by i gm of the body to be 
' gaseous state respectively •without 


at o^C are converted into water at 
I heat absorbed ? 

requires 79 5 units of heat 
, I 5 X 100 = 7950 units 

are converted into ice Wnat is the 
[Ans — 3180 units 

heat will be given out by 20 gms 
converted into ice at o'C ? 

[Ans — 15900 units 
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102 How much mercur) at 2o°C would be required to 
melt 1 kp of ice at o'C, the specific he it of mercury beinp 
o 033 ’ (Latent heat of fusion of 100 = 79 s) 

Let m be tire weight in kilogrammes of mercury reqd 
Heat lost b) mercurj = Heat gained by ice 

i,c w (20 — o)x 0033 = 79 3x1, whence w = i2o ^ kg 

103 Hot! much ICC at^o'C will be melted by too gms of 

boiling water > [ Atfi — 123 gms 

104 How much boiling water at roo'C i*ill just melt 625 

gms oT ICC? [Af/s — 500 gms 

T05 How* much ICC at o*C would a kgm of steam at 
loo'C melt, if the resulting w'aterwas at oX ? [ Ar/s — 7 95 

ic6 T kg of ICC at o“C IS placed in ^ kg of water at 0“ 
and I kg of steam at roo*C is passed into it What will be 
tht temp of water, if no heat be lost by conduction or radiation^ 

Let B be the final temp 'of the misturc 

(I) Heat given out by 1 kg of steam at loo’C in con- 
densing to w ater at too” = 537 x 1000 units 

(II) Heat given out by water at too’ m falling from 
loo’C to o’C= 1000 (too -<?) 

(ill) Heat absorbed t kg by of ice at o* to melt into 
water at o’C = 79 5 x 1000 units, 

(iv) Heat absorbed bv 6 kg of water at o’C m rising 
from o” to 0’C = 6 X iooo (0 — o), 

As heat given out = heat absorbed, we have 

1000 X 537 +(100 -<?) X rooo = (7Q 5-f-6fl)x rooo 

Then 70=557 5 or0=7o°6C 

^107 A mass of iron weighing 400 lbs and whose temp, 
IS 44o*C and specific heat o 114 is placed in a mixture of ice 
and water How much ice will be melted, if the latent heat 
of ice is 79 5 ? ^ [ Atis —252 3 lbs 

108 Howr many units of heat would cause a mixture of 
ice and water to contract by 50 cc , if 100 co , of water at o’C 
becomes T09 cc on freezing ? 

TOO cc, of water becomes T09 cc on freo/ing 
in this occurs a change of 9 c ^ 
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loo cc of ^^ater gives up 

I oo X 79 5 = 7950 units of heat 
vtraction ai g cc 7950 units are given out 
t given out on a contraction of 50 cc 

— 55 . ^ . 795 ° 5 (j 6 units 

9 

ture of ice and water is reduced in volume b> 
re What weight of ice has been melted ? 

[ Atis — II 05 gms. 


specific gravity ot ice is 0917 10 gms of a 

ire immersed in a mixture of ice and water, 
of the mixture is found to Ije reduced by 125 
ge of temp Find the specific heat of the metal 

he specific heat required 

given out by the metal = 10 x 100 x 5 

^ = 1 000 calories 

vol of I gm of ice at o'C = 1/0 917 

= 1*0905 cc 

of I gm of water at o"C = i cc 

tion of volume when i gm of ice is converted, 
‘er at o C =0 0935 cc 

s of ice to undergo a contraction of o 125 cc. 
T 25 125 

0905 90 5®"’^' 
bsorbed bj 125/90 5 gms of ice 


79 5 


=i£ 5 _ 

905 

iOrbed= Heat gained 


f 


'79 5 = 1000 whence 5«5 0 197 

me of ice at o C contracts o 09 r cc in beco- 
' A piece of metal weighing 10 gms is heated, 
n dropped into the calorimeter The total 
53 cc Find the specific heat of the metal, 
leat of ice as 80 [^«r— 0x108 
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112 Determine the Latent Heat of ice from the following 

ita— [ Atis —So 

Weight ot brass calorimeter (sp heat o 01) — 30 gms 
„ „ , -»-\\ater —1127 gms 

Initial temp of water and cal — 24°C 

Final I, ), It —14 C 

AVeight of calorimeter etc after addition of ice 

—1137 gms 

1 13 Determine the Latent heat of ice from the following 

data — [ Arts — 79 5 

Water eqt of calorimeter (sp heat o i ) — 3 
W eight of calorimeter + water — 533 gms 

Initial temp of water and cal — 5o"C 

Final temp of water and c?l — ao'C 

W t of calorimeter etc , after addition of ice — 543 gms 

174 Find the result of mixing 

(I) 10 gms ot water at 4o‘’C with 1 gm of ice at o"C 

(II) 2 gms of ice at o‘C with 5 gms of water at 2o“C 

Examples of this kind should be put to a pnhmimry 
examination in order to ascertain whether the whole of the ice 
or only a part of it will be melted This may be ascertained 
from the following consideration — 

(1) In example (i) above, the number of units of heat 
required to melt 1 gm of ice = So 

Now 10 gms of water c\ol\e m cooling from 4o'’C to 
o*C 40 X lo = 400 units of be?t 

Since 400 > So, It IS evident that the whole of the ice will oe 
melted Then the ice w ill take up onl> 80 units of heat out 
of the water and the resulting temp will be higher than 0“ 
Let this temp be /“C 

Then (1) Heat given out by water = too x (40 - i), 
and (11) Heat absorbed by ice at o* 

(o) in melting into water at o' = So x i = So units 
(^) in nsmg from o' to /'C = t units 

But Heat given out = Heat absorbed 
Vj iox(4o-/) = 8o+/ 

Or 34«C 

The result is 1 r gms of i.ater at 29'C, 
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portion of ice will be melted, since 
I m falhng to o*C evolves loo units ^ 
.ater at o“C in being converted to». 
8o = 160 units ot heat only 

ily a part of ice will melt, the temp 

( 

ity of ice melted 
■' y whence 25 gras 

;sult of placing (a) 5 lbs of copper 
2r at So* C in contact w ith i 5 lb 
opper=o i) 

ice will melt v 

ill melt and the resulting temp 
w ill be 26“ 6C 


< 13 put into 10 lbs of water at 
ip ? [ Ans — 16” 8C 


-io"C are mixed with 12O gras 
inal temp of the mixture 

[ 67*0 

< ' later at 6o"C are poured into a 

v.0^^1.1 calorimeter ot mass 26 gras containing 5 gras of water 
at lo'C 8 gras of ice at -5°C is then dropped m the mixture 
Find the resulting temperature [Ams — 31 *3C 


Find the Latent heat of steam from the following 


-So gras 


126 
-data — 

- if 

Weight of calorimeter (sp heat 092)- 
Wt „ „ „ and water — iSo'^ gms 

Initial temp — lo’C 

^ Final temp — So'C 

Wt of water+cal after the expt — 193 42 gms 
Temp of steam — lOo'C 


From the above we have — 

Water equivalent of calorimeter = 80 x 09 = 7 2 
Wt of water in calorimeter =roo gms 

t of steam condensed = 13 42 gms 

Now Heat given out by steam = Heat gamed by water 
Or 13 42XZ+T3 42 (100 - So) = (100 + 72) X 70 
Or T3 42 Z = 7235 6 Z = 54Bunits 



^3 


SPECIFIC ^EAT 
/ 

t 

I IQ A calorimeter whose water-eqmvaient is 48 g^s, h^ 
3^2 c a TTater in it and the whole weighs SSagms Into this 
stsam at atmosphenc pressure is condensed till temp rises 
from 12' 2 to 1 8’ 7 C and on weisaing again the calorimei^r 
weighs 8S6 2 gms Calculate the latent heat of vaporisation ot 
water " [^«^--537 7 

120 It IS found that one pound ot steam at leo C when 

passed into 15 lbs of water at o*C ra*se the temp^of the water 
to ^'C Calculate the latent heat of steam [ Ans 

121 A mass 200 gms of copper (sp heat o‘r) is hang^ 
in .a closed chamber at a temp of i5*'5C Steam is then ad- 
mitted at the normal atmosphenc pressure Calculate the mass 
of water txndensed bv the copper, the latent heat ot steam 
bemg 536 

Heat taken un bi the copper in rising from 15 - 5 ^ 
lOo'^C {the temp of tae steam ) 

= 200 X ix(iC 5 — 15 5) 

=^1690 umts 

This beat is g^ven out t>y x gms of steam m being con- 
densed to X gms of ” ater at loo'C 

536 T= 1690 units * Or 3 15 gms 

122 St^m at roo'C is passed into a copper calonmeter 
weigning 100 gras and containing 300 gms. of .’*ater at 15'C 

the temp of the calorimeter and its contents nss fo 
25'C Caicnlate the weignt of steam condensed Given the 
specific heat of copper = c t and latent heat of steam = 336 

[ j^ns — S 3.1 gms 

^23 15 gms. of steam are b^wn into So gms ice-cord 

water at o*C Find the nse o' temp produced The water 
equivalent of tne calonmeter is 15 gms latent neat of steam is 
536 [Ars — 86’ jC 

_i2i. if 25 gms of steam at loo’C be passed into 300 sms 
of ice-coM water what will be tne temp of the mixture ^ The 
latent of heat of steam is 536 ' [ Arrs — ^480 9C. 

125 A vessel containing 10 gms of ice is held over a 
Same, How mach heat will be required to melt the ice and 
vaporise it completely ' Latent heat of ice=Soy of Steam = 
536* [ Ars — 7160 units 
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Vrroii- Presstii'C — 

ke a gas, exerts pressure 

ated vapour obeys Boyle's law and Charles’s 
irated vapour does not obey* these laws 

Dlls only when Us vapour pressure equals the 
pressure 


c of oxygen saturated with water are collected, 
740 mm and a temp of 15“ C Find the 
oxygen at o'C and 760 mm having given that 
essure of aqueous vapour at is"C is 127 mm 
assure of the mixture 

= pressure of oxygen + pressure of 
aqueouSjVapour 

,ure of oxygen = 740 — 12 7 = 727 3 

of oxygen =ioocc 

iture,, absolute 

7273x100 760x1^9 

Substituting, ^gg- 

■whence ^9=90 7 c c 

i2§ The boiling point of water at the sea-level is roo'C 
and at a higher level is po'C, the temperature of observation 
at the two places being I I'C, and 5° C respectively Find the 
difference in level (The density of dry air at o'C and 760 vm 
IS 001293) 

From the table, knowing the boiling point wc can get the 
atmospheric pressure at the two places and these are here 760 
turn and 525 « zw respectively Then the mean pressure 

= (760 + 525)^=642 5 

and the difference of pressure is = (760—525) 

= 235 m m 

V =235 ems 

The mean temp is S'C 
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Again, a column 0^“ mcrcurj i sq cm cross-section and 
23 5 cm hign weighs 13 6 x 23 5 gms = 3196 gms 

and this is the m'lss oi a column of air i sq ctr in area 
between the two stations Again, tiie oensitj ot air at tne mean 
pressure and temp i e, at 642 5 tn tu and S°C 


001293x645 S '' 
760 X 2S1 


ooio62trs 


Hence the difference in level 


mass of the air column 31Q 6 

= ? ^ ='5015 09 m 

average densitj ocro6 

120 I litre oi drj Hjdrogen at ©“C and 760 mm veiglis 
o 08936 gra Find the weight of i litre of Hvdrocjen collected 
over water at ao'C (Vapour Pressure at 2o'C= r? 39 ) 

[ AhS — ’O 099 

130 Ca’culate t le hjgrometric sta'e of air from toe lollor - 
mz uala — [ An — o 899, 


.-ictual temp 

Temp at which dew appears 
Vapour Tension of vaterat 5* 

JJ T T 10 O 


— 14' sC 
— o’aC 
— *0087 mm 


J5X — 0169 , 


Mechanical Equivalent of Heat. — 

From the pnndob o*' conservation ©f eneraj we know that 
the vanous forms of energv raaj though not alwajc at will, be 
transformed one ini^o another 

Thus when wprk is transformed into heat, — the qaantit} 01 
heat produced is equivalent to the amount of work e\pend- 
ed in Its production, and converse!), when heat is transformed 
into work the amount of work produced is equivalent to the 
quantit) of heat expended in its productions bat work 15 
expressed in ergs and heat in calories , hence in order to trans- 
form one system into the other we multiplv the quanbt) of 
heat oj a constant J v-hich 13 called the Mct.h'imcal equi- 
valent end is equivalent to Haz work iore in produnng unit 
quantity of heat Thus in all cases we have W= JH 
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what height must a block of lead fall in order 
erature raised through to“C (Specific heat 0f 
the value of J being 4 sx 10^) [ Am — 3 9405 

e of length I cms is closed by two tightly fitting 
f small lead shots at fQ are poured into the 
being closed and held vertical It is then 
the shots fall along the whole length of the 
eration is repeated « times Then the shot 
rom the tube, the temp of the former (i e of 
d and is found to be /'“C Determine J 

= weight of lead shot in grammes 
!= distance m cms the shot falls each time 
= number of times the tube is mverted 
=rise of temperature in centigrade degrees _ 
= specific beat of lead 

rk done by gravity 
szftxmxl gm cms units 

Heat gained by lead=/» x j x {i ’ — /)-calories 
^ tml nl 

133 Calculate J from the following — 

Weight of lead — 434 gms 

Specific heat of lead — o 0315 
Vertical height of fall — 67 7 cms 
Rise in temperture — 2’C 
Number of inversions -^40 


[ Am — 4 4 X 10* 



CHAPTER IV, 


UGHT 

In all cast.'! of 'oorking out txamp^c' on Light students are 
advtsed to dra'o diagrams 'vtth black-dead ptncih 

Shadows — 

Shadows are of two kinds viz , Umbia and Pentimbia 

"WTien the luminous source is a point, onlj umbra is 
formed , while both the umbra and penumbra are formed 
when the luminous source has a size 

EXAMPLES — 

1 A man 5^ ft high is standing at a distance ot lo ft 

from a street lamp i r ft high Find the length ot the man's 
shadow upon the ground [ Ans — lo ft 

2 Ihe diameter of a circular uniform source of light is 3 

inches and it is placed at a distance of 20 ft from a sphere of 
3 inches diameter Find approviinately the diameter of the 
umbra and penumbra cast on a screen 10 ft beyond the 
sphere ^ 

Draw a figure first 

Diameter of source of light = 3 in 
„ „ sphere = 3 m 

Diameter of umbra “ 3 in 

Internal diameter of penumbra = 3 m _ 

E\tcmal „ „ „ s= 6 in 

3 Outside a small hole in the w'all of a dark room 10 ft 

square IS a tree 15 ft high and distant 56 ft from the wall. 
The image of the tree falls on the w all of the room Determine 
the height of this image / [ Ans — 2 7 ft 

Velocity of Light — 

Light travels through space with an immense velocity of 
186,000 miles per second ' 
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lutes to travel across the earth’s 
IS sgd, ooo, ooo kilometres or 184, 
le velocity of light ’ 

ins — 299,000 km or 186,000 miles 

e earth is 8000 miles and that ol 
The earth is 93,000,000 miles from 
of the earth’s umbra ? 

[ ^fis — 94or miles 

or lignt to come from the star Sinus 
is the star ^ [Ams — 4 9x10'^ miles 

= 20 years in sec , x vel of light 

distant 600,000,003,000,000, miles 
tde suddenly, how long would it be 
tect the fact ? [Am — 3 2 x io'®secs 


Phot(niCir> 


nation at a point illuminated by a 
by P — I/y® ‘ 3 - distmce r from it, is given 

As I IS constant for the same source of light, F < ih^ 
This IS known as the £,aiv of Tiiverse Sguares 

Again if another source of light of illuminating power 1 ' is 
placed at a distanc y from the same point so as to produce an 
equal illumination at the point, we have 


Or 


F'~r^ 


or 




^ Tins IS the law of Direct Squares or the 
tometi:} 


Prmciple of Plio 


EXAMPLES— 


tiveiy are placed at distances 4 and 10 cms on either side ct a 



^HOTOME^rR^ 49 

cardboard screen Compare the illumination on the two sides of 
the screen 

jT 2 X 

Illumination due to the first 

7 4 ® 

j 6 s'' 

„ „ second 

Their ratio i §11=25 12 

9 Compare the intensit} of illuminaion at a place due to 
(i) a gas lamp of 500 C P placed 10 ft high and (11) an arc 
lamp of 1200 C P placed 60 ft high [ Ans — 15 i 

t. 

xo A standard candle and a gas flame of 9 candle-power 
are placed 20 ems apart Find where must a screen be placed 
"between them so that the latter may be equally illuminated by 
' each 

Let X be the reqd distance as measured from the standard 
candle Then us distance from the gas flame is (20 -ar) 
ems Then for equal illumination on the screen due to 
each ^^e must have 

^ 9 

(20 - xy 

20 — X ~ ^3X 

* = +S or-io 

Now corresponding to the two values of a: there are two 
positions where the screen may be placed, one of these 
IS 5 ems to the right of the standard candle t e between 
the candle and the gas flame, while the second is — 10 
cm to the left of the candle > 

Iwo lamps of 8 and 32 cp are fixed 120 ems apart 
wTicre on the line joining them must a screen be placed so as to 
be equally illuminated by edeh ? [ Ans — 40 cm , : 20 cm 

12 A gas flame of i6*c p and a lamp of 9 c p are placed 
140 ems apart IVhere must a screen be placed between them 
so as to be equally illuminated by each ? [ Ans -Bet the two 
flames & 60cm from 9 c p lamp 420 cm 



LES IN PHYSICS 


ed r metre from a burtace At 
of r6 c p be placed so as to 
of tlie surface ? [A»s — i 26 m 

i and H placed loo cms apart 
of a photometer A having 4 
le position of the screen so that 
[Am — Dis from A = 66g cm, 

e, if a semi-transpaient sheet 
ight falling upon it be placed 
urcc m what direction and 

recn be moved in order that its 
*d ? 

jen be moved to a distance d 

/ 

A IS j 00- d 

ice the semi-transparent sheet 
t from JS, only 4/9 tlib of its 
Hence we have 

_4i^B 

= w hence 2 s 'cms 

3 « 

lamp tails on a silvered mirror 
Grease-spot photometer The 
>crecn via the mirror is 15 cms 
of the light falling on it, where 
1 order tint the grease-spot shall 
[ Am — 7 9 cm 


♦ ' 

R.'^cih'i .’1 ^ iMinv Surface — 

a plane reflecting surface, the 
surface at the point of mci- 
all m one plane 

ion IS equal to that of incidence 



REFLECTION 


Jt 


SI 


The image formed by a plane mirror is virtual, equal in 
size to the object, laterally inverted and appears to be formed 
behind'^the mirror at an equal distance from it as the object is 
in front of it 

EXAMPLES — 

17 A plane mirror distant lo cms from an object is 
moved back ro cms parallel to itself How far does the 
image move ^ [ Ans — 20 cm. 

iS The image of the moon 32“ above the horizon is 
observed in a tranquil pool Find the angles of incidence and 
reflection 

Angle of incidence =90" — 32“= 68“ =&ogIe ot reflection 

1 9 A\Tiat IS the deviation produced by reflection on a 
plane mirror when the angle between the incident and the 
reflected ray is 60“ ’ 

Hint — ^The deviation=(tr-6o“) 

20 A ray of light incident on one of tw o mirrors inclined 
at an angle to each other in a direction parallel to the second 
mirror retraces its own course after reflection at the second 
mirror Find the angle between the two mirrors [ Ans — ^45“ 

Hint — ^The raj ivill have to fall normally ' on the second 
mirror 

21 Find the angle between two mirrors is order that a ray 

incident on the first and parallel to the second may after 
reflection at the tv o be parallel to the first Illustrate your 
answer by a figure [ Ans — 60“ ' 

, 22 The number of images due to a source of hght betw'een 
two mirrors inclined to each other being given by the formula 

- 1, where Q is the mchnation between the mirrors, find the 

number of images ’»! or the following values of ^ (i) 0“ 12 j 10“ 
(3) 30' (4) 45° (S) 60“ (7) 90“ What happens when the two 
mirrors are parallel ’ Drav the figure in each case 

[ Ans—{i) oc (11) 35> 0») II 7, (v) 5, (\i) 3 



' MAPLES IN PHYSICS 


SphcriCiM I’lirroiii. — 

' Detween the focal length / and the 

e object and its image produced by a 
n by the formula 

1 _ I 
«~/ 

ne radius of curvature of the mirror 

be remembered that / is postitve for a 
mime for a convex mirror 

oduced is given by 

where /ss linear dimension of the Image 

•roved to be *= — 
u 


ject 4 inches high is placed on the 
ncave spherical mirror at a distance of 15 
ror Determine the position and size of 
1 of the mirror being 6 inches 


or w = 10 in % 


here 0=14 in 

or -^=21 in 
e 

is 10 in, in front of the mirror and is 2 

ne is placed 25 cms away from a concavi 
f curvature is 80 cms Find the positioi 
S® \_Ans 667 cm 



REFLECTIOK 
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25. In what position must a candle dame be placed m front 
of a concave mirror of focal length 40 cms in order to give nse 
to an imas;e four times as large as the object ? 

V i 

We ha\e «= —=-= = 4 
ttO 


. ®=4M 

Then — +— =-^ whence «= 50 cms 

tf 40 

Thus the candle must be placed 50 cms from the object 
tor the real image 

Again for the virtual image, where o is negative we have 



41/ u 40 


whence «= 30 cms 


26 Where must a candle be placed m front of a concave 
mirror of radius of curvature 80 cms , so that a real image five 
times as large as the object ma> be formed ^ f Ans — ^48 cm 

27 The Imear dihiension of an object placed m front of a 
com ex mirror of 3 m focal length is twice that of the image 
Determine the positions of the image and the object 


Here, 




_ 1 


»a= zv 


whence— + — j 

- 2V V f 


whence —9/? and v—g 


28 At what distance from a concave mirror of focal length 
y must an object be situated so that the image may be (i) of 
the same size, (11) one-quarter of the size of the object ? 

[Ans u—zf, u~5f 

29 Determme the size of the image of an object held at a 
distance equal to its focal length m front of a convex muror 

[ Ans — nscc. 

30 At whdt distance from a concave mirror must an object 
be placed so that its image shall be magnified « times ^ 

The distance will depend on /, the focal length of the 
mirror Smee the magnification is to be n times the object, 
we must have 



examples' in physics 


0 = « tf ( numerically ) 

ould be taken to notice the signs of v and « 
?eal image v and u are positive and v=ntt ; 
age IS virtual, v is negative and= -mi' 

are two solutions ^ 


ge real - In the equation 



v=nu 





whence u — {n + i)/]n 


Virtual — Substituting m the above equation 
;et 


whence « = ^ i) ^n 

ive mirror of 2 ft focal length is placed i ft 
Find the change in the position of the image 
ving the object 1 in nearer the mirror 

24 in and u= 12 in 
+7'= si whence 0= — 24 in 
n the object is moved i in nearer, «= ii in 
ri whence 0'= — 20 3 m 

( 

ige moves through (24 — 21 3)= 3 7 inches 

lat when an object is placed midway between a 
md Its pnncipal focus, the image is twice as 


I 1 
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33 An object 2 cms high is placed i metre awaj from 
a spherical concave mirror of 23 cms radius of curvature 
Calculate the height of image Will it be real or virtual ? 

[ 1=0 26 cm 

34 Ad object is placed 2S cms. from a concave mirror 
whose focal length is 10 cms Find where the image is Is 
It real or virtual, erect or inverted, and what is its size, if the 
object be 4 2 m m broad and 14 m m long ^ 

[Af/s 0=13 5 cm 

35 Determine the size and position of the image of an 
object I in high placed torn from a convex mirror 20 in in 
radius 

The focal length being one half the radius of curvature is 
10 in and is here negativ^e, the mirror being convex 

Ihen the image is at a distance v given b> 


* rj_ ^ - n ^ * 

V 10 to 
Or o=-5in 

Thus die image is virtual and is formed 5 in behmd 
For the size of the image vve have 
I O C T 

m =* 

I O te to 2 

I — - I in , the object being r 10 high ^ 
in .-long-andas-myerted . ^ ~ 

36 Find the nature, position and magnitude of the imaire 
of an object placed 50 cms from a convex mirror of 1 c cms 
focal length Verify graphically ^ 

[ Arts ~v= 150/13 cms , 1=3/13 O 

radius of curvature of a convex mirror is 12 cms 

mtrrn^* 3 cms in front of the 

pnd the nature, position and magnitude of the imat^e 

L Arts ~v= - 2 cm from O , I =4/3 cms & inverted 

ijn 2 m long is formed b> a convex mirror by 

5 ^ Find the focal length of the 

•mirror, length oi the object being 6 in [ Arts 6 in 



fiom a convex. 

1 the position of 
A/is > v= -2 in 

>is in front of a 
‘hind tfle mirror, 
,th of the mirror 

e 

2 cms 
4cms 

^55 cms in front 
be 4 m m high 
he focal length, 
and - 35/5 cm 

igth of a mirror 
iject, magnified 6 
' . , i/=3, 7=18/7 
11 It Ls required 
Mall State what 
)cal length of the 
» 5 cms and+Tc 


Hence etc 

each 20 cms m 
It 40 cms apart 
placed midway 
if the image is 
n at the concave 
1 the object to 

lave 


i 



?E?xscno?-*. 


Acs.*”. Tor ''efscao'i ct the ccnce-re —irrc:" ». 

If =io — CO 3 •= i4c,3 and/= 1 3 

^ j I 

-■ — = — o~ r=i4c/ri 

C” J*£0 10 

rcr that cje to tne conrat mirror 

I^_ sr I jo'3 

0 a !: 20 

And tfa* cr^-u to t~s coocare mirro^ 

1 _ r 
0 ~ 5 ' 3 ~ V 

Her; r=i43 rr and i =1^0^^ '.vtz=^fri 
- I . - 

&3 tnat — — =-317 .<r. 1=511 

5'5 

45 Am cbjetx t? phtcec at a clctarjtc oe S htches frons. s 
concars mrTa- i ft. in rad'^.* A p’ ane mirror Inciinsd at 45* 
to tbs asas c tre c trcavs ~ irrcr ocssc? throorb its centre 
ccrmtnre . end trs oostnon of the inJCge fo-tnsd hr reSectioa 
rrst at tne concave, trsa at the olaae mirTOr. 

Fc- ’■ef sctlon at tre concave mirro- -ere have 
^=S /=6 

■' r ? 6 

cr n =24 in. fron: tne co^’cave mnro^ ' 4 is inches 
f’’ont tec. p^ane mirror. 

^ i 

cs image cne to toe o^ase r’irroc oa a line pe^- 
pETdiac^ar to the arts and Cistant i ft. from tre centre 


Refraction at a Plane Sarface — 

nen a ray is passing ^ot one medicri to another it. 
^CTs eis b ent at tne surface o' senaration of the t^ro media 
1 ns retracted ray is turned <r atrgy from the norma 

w t.jv, su-tace at the point o' incidence as tns second ntsdiuir 
happens to ds drrsfr or /rgAfer than the 61st msciam. 



EXAMPLES IN PHYSICS 


ablished a law on the point mz , 
Sm <f> 

“ Sin 

= relative refractive index 

of the second medium 

= angle of incidence 
■ = angle of refraction 


)f light passes from one medium to a second 
3 of incidence =45° and an angle of refraction 
refractiije inde\ for the medium [ Ans — i 73 

.in 45 /sin 30 =»— i — = ya 

of light IS incident at 60“ to the normal, upon a 
.urface The refracted ray makes an angle of 
lected ray Fmd the refractive index of glass 

n why a straight stick partly immersed in water 
osition appears bent at the surface of the water 

of light IS incident on a glass plate_at an angle 
refractive of index of the glass is '/3 Find the 
ion f Ans — 30“ 

ritical angle for a given 
ndex for the medium 

e -^-=sin 60'’ =-^ 5 ^ 
p- 2 

me of the critical angle for two media is ^ What 
the refractive index from the rarer to the denser 

[ Ans —9/7 

elractive index of water and turpentine are i 33 
ctively Find the critical angle for a ray passing 
water 

^ p be refract index from air to another medium 

,, a second medium 


medium is ^ 66 ° Find 
IS 
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Then ^ refractive mdev from the first medium to 


the second is given by at*" ^ ~ < “7 

in this case since ^ g = 1 33 and ^ = r 47 


, _ 1 e the refractive index from turpentine to •se-atsr 
=^=*903 approx 

tne reauired cntical angle 

_ 1 _ 1 

=Sin =Sin 905=64°$ 


53 Find the absolute refractive index for a liquid, eiven 
that &e relative refractive index from tne hauid to glass is o 9 
and the absolute refractive index of g^ass is i 512 [ Ans — i 7 

■54 Find the refractive index from glass to water from the 
following data — 

Refractive index for air aijd water 
X « » » glass=i5 [^«r— 8/9 

55 Ex-plain tne apparent nsin^f of a picture stuck on to 
the bottom of a cube of glass so that it appears to an eye looking 
down as if it were in the glass If the index of refraction be 
I 6, how much does the picture appear raised to perpendicular 
vision ’ 

If a oe the thickness of the cube tnen we knox that 
the virtuil image of the picture appears raised than toe 
object itself the distance between the object and the image 
being — 

a (^ — i) la where *-=i 6 from above. 


Substituting we get 


gy 6 
I 6 


” a 


a 


t c the image appears rai=ed by 3/8 tn 
ness of the cube. 


of the tnick- 


56 A rectangular piece o' glass plate <^u = i-6) is pjc 
between the eye of an observer and an object Find tne alter 
ation that takes place in the apparent distance of the object 
t rom tb e eye the glass plate being 5 in thick 

[ Ani — 1 5 '8 in. nearer. 



ICS 


filled with alcohol What 
[ Ans —4 38 

ussed on a matk on the 
s then interposed , the 
i for the mark to be still 
k for glass ? 

the plate a=2 in Then 
•ewed through the glass 


or 11 = 3/2 

n of a small trough of 
t the mark is in focus , 
depth of 4 6 cms and 
IS I 15 cms Fmd the 
[ Ans —I 3 

d Its refractive index "is 
um deviation for a ray 


3f light passes through a 
prism of angle A and m the position of minimum 
deviatien, then 


Here 


/ n A+ii , p, A 
n = Sin *- / Sin — 

where angle of minimum deviation 
A =60° and 11=1 414 


Then i 414 = Sin ^— 3 °’ 

or Sin (30+<//2)=i 414/2= V’2/2 = i/-v/2=Sin 45* 

whence <i=30* 

61 The angle of a pnsm is 60" and the minimum devia- 
tion of a ray when the prism is filled with a certain liquid is 
30* Find the refractive index of the liquid [ Ans — v^2 

62 An equilateral hollow glass pnsm is filled with a 
certain liquid of refractive index 1 7 Trace the path x»f a ray 
incident on the pnsm at an angle of 30“ with the surface 



lenses 
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Refraction through Lenses : — 

The connection between the focal length /and the dis- 
tances « and V of the object and its image produced by a lens 
IS given by — 

I I ^ 

V u ~f 

where / is positive in the case of a concave lens and negative 
m the case of a convex lens 

Again, the magnification is given by 
I o 

m=^=.— 

O « 

distance of Image from lens 

Sf — " — • 

distance of Object from lens 

EXAMPLES ' 

93 A small object r inch in length is placed at a distance 
of 3 feet from a convex lens of focal length i foot Where 
and of what size is the image ? Illustrate your answer by a 
figure 

Here «=3 It and /= - i ft 

On substituting in the formula 

^ I I 

V u~~f 

We get ^ - -s= t or 0= - 3/2 ft 

& 3 

A V \ I x/2 

Again - or - = ^ iel = lin. 

« O 13 

Thus the image is 18 in behind the lens and ^ in high 

64 A small bnght object is placed 10 ems away from a 

concave lens of focal length 20 ems Find the position of the 
2mage Is it real or virtual ? Ans — 6^ ems , virtual 

65 An object is placed at the principal foeus of a lens 

where is the image ? [ Ans —at infinity 


EVAMPLT S lAI PHYSICS 


ct IS placed 24 cnis <iway in front of a convex 
3cal leniith l*md where the image is 
" [ Ans — V— 24 ems 

■ ct is placed 12 inches from a convex lens of 8 
Find the position and length of the- image 

[ Am — v= 24 cm and 1=20 
ct 3 ems long is placed 10 ems from a con- 
ns focal length Find the sire and nature 

[Ans — 1 = 2 ems 

ct of length 2 inches is plated at i distance 
< onvex lens oi" 4 inches focal length Find the 
ih of the image [Ans — v~ 12 in , 1=4 in 

\ Itns of focal length rS ems has an image 
jject placed 24 ems in front of the lens 
isition of the image [ Ans — &= 72 ems, 

ne\ lens of focal length / the object and 
same size Find the distance of the object 
Mso determine the position of the object so 
rmed by the lens m-’y, be one-half the size 
, [ Ans—sf , 3/ 

server’s eye be held up close to a convex lens 
ngth to view an object at a distance of 25 ems 
)w that the magmfung power is 6 

=25 and / =-3 


,t]tiiting in the ttsual formula, wv. get 
7 — =-~ whence i7=-ic 

253 

^ IS , 

O 25 

ige of a small bnght object placed 20 ems 
med at a point 40 ems on the other side 
d the focal length and the nature of the lens 
, [ Ans~/= - 3^ ems 

i imag^B of an object 25’cms from a lens is 
me side of the lens and at a distance 8 ctns 
nd of a lens is it and what is it’s focal length ? 

[ Ans — concave , /=* 200 ems 
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75 A Circular disc 1 in diameter is placed at a distance 
of two feet from a cenvex lens and a virtual image i foot in 
diameter is formed Fmd the focal length of the lens 

[Atts—/=*=24jii ft 

76 A candle flame placed 30 cms in front of a lens is 

brought to a focus 8 cms behind Fmd the nature of the 
lens IS brought to a focus 8 cms behind Fmd the nature of 
the lens and its focal length [ Afis — 10 9 j concave. 

77 The focal length of a concave lens being 20 cms, find 
the position of object so that its image may be otli its oivn size 

[ Ans — 80 cms 

78 An image magnified about 3 times is to be throw n on a 
screen by a convex lens of focal length 44 cms Determine the 
posion of the object which will gne (1) a real, (2) a virtual 
image of the required size, 

Suppose u and v to be the reqd distances ot the object 
and the image from the lens Since the imagels to be three 
times the size of the object its distance from the lens must be 
sthree times as great or ©=3« (numerically) But since the 
image is to be real, it must be formed on the opposite side of 
the lens, thus v is ne^tive and= —3/# Then in the usual equa- 
tion putting — 44 and v~ — 3K w e get 

'<=58 7 cms 

Now for a virtual image we must have v positive and 
='3Knamencally Then in the equation putting 0= 8 k and 
/= -44 , we have 


I I 

3 « « 


44' 


whence *#=29 3 cms 


79 A candle flame stands at a distance of 25 cms from a 
wall In what position must a convex lens of 3 cms focal length 
be placed between then so as to produce on the wall a distinct 
image of the candle ? [ Ans — 10 or 15 cms from the wall 


So An im^e magnified about 4 times is to be thrown on a 
screen by an object distant 80 cms from the screen Determme 
the nature and position of the lens to be used 

[ Ans — Convex 64 cms from screen 



Combin?lio>i of Lcns.s 


■ placed in contact, 
I given bjr — 


"1 IS combined with 
the focal length of 


Pow crs of ? lens 


s concave 

ch IS equivalent to 
> ems and 15 ems 
[ Afts—-/=> - 6 ems 

length IS placed m 
the combination is 
leave lens 

[Ans — 24 ems 


iprocal of Its focal 


c sum of the powers 


focal length 20 ems 
[Ans — 1/20 , i/io 

2 It js placed m 
"What IS the power 
[ Ans—s 
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Defects of Vision — 

An eye is said to be defectuc or not normal when its Far 
Foint IS not infinity and its Neat Point is not at the Distance of 
Distinct vision It then requires a lens for its correction 

A short-sighted or a Myofic eye can not see things at a 
distance It requires a Concave lens of a calculated potoer for 
tts correction 

A long-sighted eye cannot see clearlv things at a near dis- 
tance F or Its correction a convex lens 15 used 


EXAMPLES — 


S6 The distance ot most distinct nsion for a person is ao 
ems and he uses a reading lens of 4 ems focal length Find 
the magnifying power of the lens \^^lcre must the lens be 
ilield in order that he may clearly read a book ? 

^ The image ought to be formed at a distance of 20 ems 

Hence ^ 

20 H 

Wience «=4, ; e I lens must be 4 ems. from the book 

A o 20 

Again »?= -= — =c 

« 4 ^ 


S7 The nearest distance of distinct Msion for a long-sight- 
ed person is 50 ems and he uses convex spectacles of 30 ems 
focal length Find hoiv much ivill he increase Ins ran^e of 
distinct nsion ? 


By using a convex lefts objects at a distance u can have 
their image formed at a distance of 50 ems from die 

eye and u is determined by the relation 


whence iS 75 


_i _i_ I 

50 tt 30 

Thus the range is increased through (50 - iS 75)or 31 25 ems 

T c short-sighred person has distinct vision at cm tVliat 
kind of a lens should he use and of uhat focal length to enable 
him to read a book 20 m from his eyes 



ES IV PHYSICS 


book, distant 20 «n from the eye- 
mce of 5 in from the eye 

\hence / = + — in ' 

3 

iOHtave and of focal length 65 m, 

istinct vision for a shortsighted 
focal length of the lens to bfe used 
jarly an object 50 cms from Ins 
[ Atis — 21 4 cms 

tance of distinct vision for a long- 
IV e\ spectacles of 40 cms focal 
irtably see through these spectacles 

'est distance of distinct vision with 
ns" and without the lenses this 
age IS formed, by the lens of 40 
' an object, held 30 cms from th& 

_i^ £ 

30” 40 

emg the required distance of dis- 

e most clearly at a distance of 4 
ig him to see clearly things at A 
he focal length of the spectacles 
am how they act in this case 

[ Ans — concave ,/=6 in. 



CHAPTER V 

SOUND 


Wave-length of a Rote.— 

Wave-length of a. note can be determined from the 
■formula 

where 

0= velocity of wave motion 
«= number of vibrations 
\= wave-length 

EXAMPLES — 

1 Establish the relation between the wave-length and 
velocity of wave-motion in a free medium 

2 What IS the wave-length of a note of 400 vibrations a 
second, when the velocity of propagation is 1000 ft per second? 

3 A body vibrating'with a frequency of 100 sends waves 

10 cm long through a given medium Find the velocity in 
this medium [ Ans — 1000 cm per sec 

4 Longitudinal waves 5 cm long travel through a med- 
ium with a velocity of 1100 cm per second Find the fre- 
quency of vibration of the body ? 

We have v=n\ here 0 = 1100 cms per sec and >.=5 cms 
iioo = 5« whence «— 220 


Velocity of Sound in an Ordinary Gas. — 


This has been proved to be given by 


V= 



Fx k 
D 


where F=velocity of sound 

atmospheric pressure 
^=a constant 
D-^ density of the gas ' 



■■i LES — 


EXAMPLES IN PHYSICS 
( 


( 


I 


Iculate the velocity of sound in hydrogen gas, assu- 
velocity in air, and having also given that i litre of 
weighs o 0896 gm , and i litre of air i 293 gm 


n open space t e under ordinary atmospheric pressure 
e velocity of sound in air is given by 




Py.k 

Dr 


^ he velocity of 'sound in any other gas under similar 
< nditions, we have 



jre ^^^1=330 6 and I>JD3.= 0896/1 293 


tuting 

a 

w 


330 A / 0896 
fa VI 23‘9 

1286 metres per second 


flash of lightning is observed and the thunder is 
and half a seconds afterwards How far away did 
cur ? [ Ans — 1650 yds 


Velocity of Sound at any Temperatare. — 

Vo{i+ Q0183 t) where 

velocity at o®C 
V ^velocity at the temp / 

average for each centigrade degree rise of temp 
' of sound mcreases by 61 ems per sec pr by about 
c 

ES — 

velocity of sound in air at o*C is 332 metres per 
the temperature at which the velocity is 340 metres 
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The velocity of sound at is given by 
V-Ve(i+ C0183 f) 

vrhere Vo = velocity at o®C 

Here 340=332(1+001^0^) 

whence /= i3®C app 

A stone is dropped into a well 600 ft deep “What 
time will elapse before the sound of the splash is heard at the 
top ? Temp of air within the well is 25®C [ Arts o 52 secs 

9 A person makes a sound by clapping his hand in front 
of a wall, and hears the echo ^ sec afterwards What is his 
distance from the wall ? Temp of air is 2o°C 

The sound first tra\elled from the person to the wall andl 
the echo onginated at the wall then travelled from th 
wall to the person, so that it took ^ the sec to trave“ 
the distance from the wall to the person 

Agam velocity of sound at 2o°C 

«i093 + 2 X 20 ft =1133 ft 
distance of the wall = 1 133 x ^ = 141 ft app 

10 An echo repeats four syllables Find the distance of 

the reflecting surface The \eloat} of sound is ri20 ft per 
sec ' [ Arts — 44Sft 

11 Two observers are stationed at a distance of 4 a mile 

and y mile respectively from a ringing church-bell Compare 
the intensities of sound received by the two persons if there is 
no reflection of the sound in the way [ Ans — 14 

Beats. — 

The number of beats per second between 'two sounds of 
ftearlj the same frequency « and is given by 

m = n—ni 

EXAMPLES — 

12 The vibration frequencies of two tuning-forks are 340 
and 34<i Describe what will happen when the two forks are 
sounded simultaneously How will you find which fork has 
the higher pitch ? 
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13 A sonometer stnng IS tuned With a C fork (« = 2 56) A 
fork X produces 5 beats per second with the string A small 
piece ot wax is then attached to on? of the prongs of X and 
the frequency of the beats is increased to 7 per second What 
IS the natural frequency, when unloaded, of the fork ? 

The number ot beats per sec is equal to the diff in the 
frequencies of the two forks 

This difference is 5 in the first case 

Again, since the number of beats is increased when 
the fork X is loaded with wav, thfe frequency of the 
fork IS less than that of C 

Hence the reqd frequency is 256—5 = 251 


Frequency of a Note. — 

The frequency of a note is the number of vibrations per 
second executed by the iibrating body 

It can be determined by various apparatus e g Savart’s 
rfoothed Wheel, Seebeck’s Syren, a^^Sonometer, a Resonant 
Column of air etc 

EXAMPLES 

14 Describe some form of Syren Explain how you will 

use the same to find the frequency of a note trom an organ 
pipe [ An$ — 680 

15 If there are 40 holes in the disc of a syren, which 
revolves at the rate of 1020 per minute, what is the frequncy 
of the note emitted ^ 

If there are »» holes in a Syren and « revolutions per sec 
the frequency 'ot the note is given by 

N=^m n 

Here«»=4o and « = io2o/6o=i7 
A^=40X 17 = 680 

16 The disc of a siren contains 32 holes How many 

revolutions must it take per minute to emit a note which is 
an octave higher than the middle C ( «=256 ) [ Ans — 960 



FPF,QntSC\ 


/f 

X 7 A toot’xeci vntel JS made to touch a cira as it rotate', 
The note emitted k f^nund lO b- in unison w ith a C fork 
(r = e56) If the number be 50 find tiic speed of the 

viiecl per nimut_ i 5 ^’ 

iS An air-j-t !*> made to pf-’t c'. a riO" ol 48 eauidistant 
holes in a circular disc that i' m ide to rotate '‘t a constant 
speed or 10 p.rc:cona Uhi'iiuu rciiucncj of the noa 
•en'utea ^ [ Ans — 4S0 


Vibration of a string. — 


^\''is.n t stnne ubraU', i.s frei>uenr\ t is ?i\en hi 



trherc y^ten'ion n •'bsoliitt units oi force 

fdynes or jioundals) 
x’/5=ma'^s pir unit Icn’th of tnt, stnnii 
and /= length of tuc strn, 

tXVlPkhS — 


10 Find laj p'l«.li Oi t le lundamcntal note o' a string 
from t(ie folio \in" dit > — 

Lt.Uth i’ll* strine — ,3 ms 

'{pss per cm hnatn of stnnc — '00333 grams 

Sfctcmna neizht — 4000 gmms 

he frchuunci r is gnen In 



Here 7 ’=4 coo' q8i d\nes, /=53 ems and 


;r = o 00323 


„^±A/iS=oxn^^ 


106 V 00323 


329 appro\ 


20 A stretched string 4k ft long is made to be in unison 
-a Ith ? tuning-fork of frequency 287, Calculate the nic of 
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string when its length is reduced to 3^ 

I [Ans — 369' 

[lar strings are m unison One is 60 cm. 
by 12 Icilogrammes Find 

n of the wire, if its length is 45 cm, 

fth of the wire when it is stretched by 


gs are in unison, we have 


'i=Wa the strings being similar 

— = ' Whence ^* = 6 75 kilos, 

>0 90 

ond case, we have I= 6 o Ti= 12 2^ = 20 5 
ig m the above formula, cms 

hord emits a note of frequency 120 What 
icy of the note emitted by the same string if 
3ased in the ratio of 4 to 9 and its' length in 

\Ans — 150 

Jives out the note C (« = 2s6)when the 
) kg What tension will be required so that 
it Its first lower octave ? 


)ndge to be placed under the wire so that the 
s second higher octave ? 

1 JT 
" 2iy m 


er octave will have half the frequency of the 



28 = -/lo '/T te i"* 2 5 kilos 

d case where the frequency of the second 
four times that of the given note, we have 
nee I' = ll 


ORC\N PIPES 


iO 

23 (a) A stnn 50 cms. lon^, stretched by 'i weight of 10 

1 ' makes 256 transverse vibrations per second How could 
the frenuencj of the note emitted be raised to 3 S4 (i)by 
altenn" the length of the string, (2) by altering the stretching 
weigbf’ [ Arts,— 33 3 cm , 22 5 Kilos 


Organ pipes. Closed and Open — 

For a closed pipe to sound its fundamental we have 
the formula— 

>.=4/ 

But V=n\ hence =4/7/ 

In the case o*" the fundamental note of an open pipe 
\=2l 

Again V= rtX*5 a«/, where 

r«vclocit> of sound 
/*= frequency of the note 
X*= wave-length „ „ 

EXAX5PLES — 

’ 24 Wiat must be the Icngtn of i closed organ pipe 
which produces the note C («=256) and that of an open pips 
sending the note K (#. = 320) Ihe velocity of sound is 1152 
ft per sec 

In the case of a closed pipe 

'X=4/ and F=«X=4r/ 

Here 1 152 = y x 256 X / whence /= x ^ i ft approx 
In the case of a closed pipe 

'X=<2/ and V=«Xs=2«/ 

Here ii52 = 2X32ox/ whence /=iS ft 

25 The length of a pipe, open at both ends, that is in 

uni=on with a certain fork is 2 ft the temperature being i5“C 
Find the frequency of the fork * [ Ar.s —280' 

26 The sound of an excited fork swells out loudly when 
' held over a gas jar 6 4 in long and of i in radius Find the 



' Calculate also the 
« zo^C 

ir and the length of 
‘ end correction) 

1133 ft per sec 
+ 6)f 12 


\=28in app 

gives the maximum 
6 IS held over it 
>er sec ^Determine 
i^is — 12 in 

esonancein a pipe 
2 in in diameter 
Dund in air at the 
[ Am — 449 ft sec 

open organ pipe 
; in unison with the 
per minute Find 


3 = 560 


1120 ft per sec 
ence 1= i ft 


< 



CHAPTER VI 


MAGNETISM 

Laws of Magnetie Force 

Let m and m' be the respective strengths of two magnet 
poles and d the distance between J:hem Then the force 
between them is given by 

^ where i^is measured in dynes 

EXAMPLES — 

1 The respective strengths of two N-poles are 5 and 10 
respectively and they are 10 cms apart Find the force of 
repulsion between them 

Here* w = 5j »/'=io and d=io 

_ 5x10 , 

^=-^^=0 5 dynes 

2 A north pole of strength 4 is placed 5 cms from a 

south pole of strength 3 Find the nature and magnitude of 
these forces [ u 4 ns — Attractive , 48 dynes 

3 A 'north pole of strength 5 is placed 20 cms from a 

south pole and the force exerted between them is o 25 dynes 
find the strength of the south pole [ Ans — 5 

4 A south pole of strength 5 when placed 25 cms from 

a north pole attracts the former with a force of x dyne Find 
the strength of the pole [ Ans — 125 

5 Two north poles repel one another with a force of 24 
dynes when their distance apart is i cms what will be their 
distance apart when the force is 3 6 dynes Find also the 
repulsive force when their distance apart is 3 cm 

[ Ans^ Cf C\] 1916 

6 A force equal to the weight of four ounces is required 
to pull a small ball of soft iron from contact with one of the 
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poles of a magnet A, and a force equal to the weight of nine 
ounces is required to pull the same ball oS one of the poles of 
a second magnet B Show the relative strengths of the magnets 
A and B F Am . — 2 3 

7 A magnet pole of -strength 72 attracts another distant 
3 cms from it with a force equal to the weight of a gramme 
What IS the pole strength of the latter ? [ Am — 122 625 

jSinf Force =wt of i gm5=98i dynes 


fflagnetic intensity of a point. 

The intensity of magnetic force at a point is measured 
by the force exerted on an unit pole placed at the point 

8 Find the intensity due to a magnet pole of strength 8,1 

at a point distant 9 cms‘ from it [ Am — ^unit intensity 

9 What IS the strength of a magnet pole which is urged 
by a force of 3 dynes when placed in a field of intensity o 3 

[ Am — 10 

10 The length of a magnet is 5 cms and it is placed in a 
field of intensity H=o-i8 What is the moment of the couple 
required to deflect it (i) through an angle of 30" from the 
magnetic meridian (2) at nght angles to the magnetic meri- 
dian ? The pole strength of the magnet is 3 

Here, force acting on each pole=:3 x o 18 =0 54 

(I) The arm of the couple =5 Sin 30* = 5/2 
the moment of the couple = o 54 x 5/2 =135 

(II) When the needle is at right angles, the arm of the 

couple = length of the needle 
the moment of the couple =054x5 = 27 



CHAPTER VII. 

FRICTIONAL ELECTRICITY 


^ouIomVs Law. — 


F= ^^ - where 

F= force in dynes 

^ = quantity of. elcctncitj in one charge 
„ » .1 I. the other „ 

and d = distance between them 


EXAMPLES — 

1 Two small insulated metal spheres charged respectively 
with -5 and 5 units arc placed one metre apart What is the 
direction of the resultant electnc forces exerted on a small + 
charge at a point one metre distant from the centres of each of 
the spheres ? 

Here force due to the charge-}- 5 on the small charge q say, 

. •. S 54 ? 

placed T metre apart = 

That due to the charge - 5 = 

The former bemg rcpulsne and the latter attractive while 
both are equal in dimension, their resultant is a force 
paralled to the line joining the centres of the spheres 

2 Two small insulated spheres are charged with + 10 and 
30 units respectively The distance between the spheres 

being 5 ems what is the force of attracfion between them ? 

' ’ [ Anit — 12 dynes- 
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n between two bodies was 8 dynes 
< s apart What is the charge on 
e the - charge ? ' 

= 2/ 

id - 12 units 

spheres repel each other when 
apart with a force equal to the 
lat IS the charge on each in elec- 


; is equivalent to a force of 
;8o 


ox 10 


dynes 


6 X gSo 
ox lox 10 


'3 4)® app 


C20 units 

10 and 5 units are given to two, 
e of 50 cois apart At what point 
le charges is the electric force zero 

d distance from the charge of 5 
ince from the charge of ro units is 
ve 



, 2=50— X whence x= 20 3 cms 
3s of 10 units each are placed on 
I I'lposite corners of a square of ro 
e electric force at either of the . 

[ Arts — 14 dynes. 


Elcclnc I’otcnliPl. 


• there is a charge g collected at a 
of potentials due to it at any two 
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EIrciiic’I Capacity of a Body — 

my conductor is meisured by the quantity 
d to raise its potential from zero to unity 

tial of a conductor depends both upon its 
nd upon its capacity , in fact if C be the 
ictor, Q the quantity of electricity with 
and V Its potential, then / 

or Q=CV 

)er of cohductors of capacities Ci, Ca, C*, 
distances apart, have potentials Vj, V„ 
hey are joined together by fine wires (of 
acities), their common potential V is given 

Cj + Ca + C| +etc 


jantity of electncity which must be given 
re 6 cms in diam so that its potential 
zero to 15 

f the sphere, being equal to its radius is 

itily reqd =3 x 15=45 units 

dated metal spheres at considerable distan- 
jed with electricity till their potentials are 
» If their radii are z, 3,^4 respectively, find 
whole system when they are connected by 

qd potential 

y 2x24-5x3+4x7 
2 + 3+4 

1 of the spheres were 4, 5 and 6 cms respe- 
itial potentials were 6, 7 and 8 respectively, 
< f the whole system when joined by a wire 

[ Arts —7 13 


CAPACnv 


Si 


14 Tlic capacity of three spheres arc 3, 2, and r respe- 
tnclj and their potentials are i, 2 and '3 What is the common 
potential iihen they are all joined by a \er> fine wire ? 

[ A ns — r 6 

15 Tivo insulated brass balls arc joined b) a long fine 

vrire one h.vs a dnm of 3 in and the other a diam of i in A 
charge of 4S units of + electricity is gi\en to them How 
will the charge be distributed ? ^ 

Here, the potential of the two balls is the same, hence 
the charges of the two balls are proportional to their capa- 
cities and the capacity of the first ball is 1 5 while that of 
die second is o 5 j then the charges arc in the proportion 
I 5 • o S or 3 r j the charges arc 36 and 12 units 
respectively 

16 A charge of rooo units is giveti to two insulited balls 
of capacity to and 15 units r'^pcctnely What is the charge 
on each ball and the potential of the system ? 

[ V=si5 , charges* II2S 5^375 

17 Two insulated metal balls are connected by a fine 
wire, one has a radius of 5 cms. and the other .1 radius of S 
ems They arc charged and on testing the larger one, it is found 
to have a cliarge of 16 units What was the total charge ? 

The charges arc in the ratio of their capacities, 'then w’e have 

4 25=16 • X 
Or i;=tio 

total charges 16 + 10=26 units 

t 8 The diameter of a sphere is 5 cms. and it is charged 
until Its surface density is 5/- What is its potential ? 

[Ans — 500 

19 Two insulated and widely separated metallic spheres 
receive charges of positive electricity' which raise tiieir potential 
to 4 and 5 respectively The densities of the charges being in 
the ratio 4 9, compare the radii of the balls 

The densities being m the raUo of 4 ; g the charges are in 
the ratio of (4rr® x 4) (4rr‘ y 9) 

Then since ^=C 


fi 



he respective capaa- 


as radius is brought 
IS then brought into 
he free charge ? 

gion of potential 5 it 
f + electricity on one 
5 other side remote 
onnected to earth 20 
ing 20 units of -re- 


ought into a region 
inger and then re- 
negative electricity 
[ Ans — 4 cms 

in chargmg a sphere 
ig 4 cms 

IS raised from o to 


he work done 





6 


how much work has 
rom o to So ? 

[Ans, — 750b Esgs 



CHAPTER VIII 

CURRENT ELECTRICITY 


Resistance of a Conductor — 

The resistance of a conductor is directly proportional to 
its length and inversely proportional to the area ot its cross- 
section 

If there are two uniform conductors of length /i and /, and 
of the same material, then the ratio of their lesistances 
and is 

■^1 _ 

•^9 4/^a 4 ■^1 

Si and Si being the cross-sections of the two conductors 

The resistance of a conductor also depends upon the 
material of which it is made The Specific Resistance of a 
substance is defined as the resistance between opposite faces 
of a unit cube of the substance 

Thus, if a conductor of length I and cross-section s has 
a specific resistance P, then its resistance is P '« //r in C G S 
units expressed in ohms its resistance is Px//rx 109, for one 

ohm=io*G G S units of resistance ' 

\ 

EXAMPLES — 

I "What IS the resistance of a column of mercury 2 metres 
long and 6 of a sq mm cross-section at o“C? 

Here length of mercury column is 200 cms and cross- 
section IS 6/10* sq cms , also the specifib resistance of 
mercury is 96 x 10 -® app 

Hence resistance of the column , 

6 



a diameter of 3 mm 
opper wire having a 


o® 10® 


IO‘ 


es 

rrent ot o 5 amperes 
90 volts , what IS its 

\ 

0 ohms 

1 circuit) of 20 volts, 
the E M.F falls 
isses through Find 

the resistance of the 


)lts , 

ire=^/C=i5/2 = 7 5 

ence that causes the 
3ugh a wire of resist- 
/ of the battery being 
nal resistance of the 

whence J?' = 2 5 

ugh a conductor, the 
ence of potential of 
[udns — 2 ohms 
IS resistance takes a 
F, reqd to work it ? 
[jins — 30 ohms 

milar wires, one of 
— R= 8ii?i 
are drawn into wire , 
ito a wire 20 ft long 



RESISTANpC 


8S 


If the resistance of the shorter w ire IS 05 ohms what is the 

resistance of the longer wire ? [Ans — 2 ohms 

\ 

Ohm’s Law ; — 

With suitable units Ohm’s Kw may be expressed by means 
of an equation, thus — 

C=^ 

^ R 

where C= Current in E = EMF in z'olis 

and R = resistance in o/twr 

If the whole resistance R, be divided into 7, the internal 
resistance of the cell and iP, the total external resistance of the 
cell, then — 

c- I' 


/•+«R 


GroupinS of Cells , — 


(a) Inparalhl — In this arrangement with n cells Ohm’s 
lav becomes — 

C— - ~ 

^ /+R« 

(fi) In scrubs — In this case Ohm's law becomes with tt 


cells — 


«r+R 


(f) Mixed circuit — If v\e have « rows of fn cells arranged in 
senes then, ® 

C_ wfflE , 

wR + nr 

In this wse, it may be proved that the current is maximum 
when R= 


vir 

>1 


EXAMPLES — 

9 jFive Darnell cells, each having an il/i? of 1 08 volt 
and an internal resistance of 4 ohms are joined in senes . what 



al resistance of 5 
/ 

have, 

»i6 amperes 

es, yields a current 
IS 10 ohms, and a 
istance is 20 ohms 
a cell [C U 1911 

(rough a circuit o£ 
the cell producing 
[ C U. 1914 

stance of o 3 ohms 
When the circuit 
ms and resistance 
1 a current passes 

1 also the current 
, P 0=144 volts 

2 and Its resistance 
by It when its poles 

IS 16 (2) by a wire 

tis 12 
res 


, eres 

al resistance 3 and 


nlilar ends of each 

inected by a wire of 
the current in each 
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(a) This IS the case of a group of cells joined m serfes 
then 


C= 


nE _ IQ X 4 


8 ampere 


nR' +r 10x3+20 
{b) Tins IS the case of a mixed circuit, then, we have 

Czn hereff? = 5 and «=2, 

inR'+nr ^ 


then 


C= 


40 


-= 727 ampere. 


15 + 40 

15 Find the best arrangement of 24 cells having an exter 
nal resistance of 3 ohms and each cell having an internal 
Tcsisfhnce of 2 ohms 

i 

We know that with a given external resistance the'maxi- 
mum current with /I rows of «» cells in scries IS obtained when 
mR> 

or nr-=imR Thus we have to arrange the cells in such 

a way that the above condition may be satisfied 

^ Now, we have here « x ot = 24 

and r=2 and /? = o < 

then 

Thus, the arrangement is four rows of six cells in senes 


r =3 

and 

R = 2 

3 « = 2 »» 

t, e, 
and 

m=3}2 xn 

«— 4 

«=:6 


Divided Circuits. — 


If ,two pQints A and B of a circuit be joined by several 
wires of resistances r^, etc and if R be the equivalent 
' resistance, then 


Shunts 


X III 

— = 1 — 4 . etc 

R r. 


The current Cs 


- Cs 


passing through the shunt is given by 



where 
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le total currrent 
esjstance of the galvanometer 
,1 „ , shunt 

IOmeter b> 

.C 


imed in parallel, their resistances 
e the resistance of the conductor 


whence i?=6 6 ohms 
o 

ned m simple circuit, their resista- 
ims , find the resultant resistance 

— 12 7 ohms , 

tween tw o points ^ and ^ of a 
Iding a wire between A and -5 the 
, what is the resistance of the added 
, [ — 1 50 ohms 

2000 ohms IS shunted with a wire 
the resistance of the shunted gal- 
f — 99 ohms 
teres flows through a galvanometer 
ith a shunt of i ohm resistance 
through the galvanometer ? 

00 + 1 
119 apipere 

40 ohms resistance is shunted by a 
resistance of the shunted galvano- 
flows through it when a difference 
intamed behveen its terminals 

[ — 4 t; ohms, 4 amp 

consists of two wires of the same 
and and cross-sections s and j' 
currents in the two wires 

[4 fw— C C'=/'/ 'Is' 



HEVTING ErFECr OF A CUFREXT 




Heating effect of a Current — 


From To^jle’s Law v e have 

T H=ORi' 


; c 


H = 




J 

X R X t io~” >; To^ 
4 2 X lo^ 


=C®Rtx 24 where 

J= mechanical equivalent of htat=4 2 x lo’^ ergs 
R=resistance in ohms=R x 10* in absolute units 
C= current in ampcres=Cx lo""' in absolute units 
t=time for which the current floAs 


EYAMPLCS — 


23 The JS if / of a batter} i"; iStoUsand its internal 
resistance 3 ohms The difference in potential between its 
poles, when they are connected by a v ire A, is 15 volts, and 
falls to 12 when A i-, reolaced bv anotner wire B Compare 
the amount of neat developed in A and B in equal times 

Heat developed in both cells in equal timd^ is propor- 
tional to C'E^EC 

In the first case, we have ' ' 

^ being the resistance of the wire A 
and iS= C’( 3-f7? ) 'whence ■, 

C= I ampere 

Heat produced =EC=s 15 
In the second case, similarly we have, 
jE<7=24 

their ratio = 15 24 

24 A current of i ampere passes through a coil whose 
resistance is 2 ohms What amount of heat is developed m the 
coil in 5 seconds ? 

Here 24 

= IXIX2'X5X 24 
= 24 units 
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‘s passes through a wire whose 
Dnds What apiount of heat 
[-Am — io8 units 

l<"nK‘’nl G^Kr^o’'' 'i ’> — > 


he current strength is given by 
lere 

ter constant 

the radius of the coil and « 

the no jo[ turns in the coil 
legrees on the scale 
nponent of the Earth’s field 


res flows through a tangent gal- 
of wire, each of 20 cms dia- 
the field aue to the circular 
lue of ^ at the place is o r 8, 
‘die be deflected ? 

ignetic field produced by the 
force on a unit pole and this is 
ng one tenth of the^ 5 unit 
ength of the field is 



on is given by 

C I 

r H 

■irx5X 09 283 

rop< o 18 ~o 18 ' 

‘ 572 9 =58’ app ^ ' 

of 10 Cms radius each con- 
l be exerted by a current of o 04 
strength 10 placed at the cen- 
[ Am — 0754 dynes 
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28 A very short magnetic needle is suspended at the cen- 
tre of a hoop of ^’ire fixed vertically in the magnetic meridian 
One current passing through the mre causes a permanent 
deflectio^ of the needle ' amounting to 30°, another current 
causes a similar deflection of 45* What are the relative 
strengths of the tiro currents, 

Here Cj 0,= tan 30“ tan45“=>/3 i 

29 In a tangent galvanometer a current of strength C 
causes a deflection of 30", another of strength C' causes a 
deflec of 45" What is the relation of C to C' ? [Ans — i V 3 

30 If an increase of the resistance of a circuit by 10 ohms 
causes the strength of the current to decrease from 5 to 2, find 
the total resistance of the cir cuit after the change 

Let E be the E M F and x be the resistance of the 
circuit, then we have 


(«) 


- = 5 . and 

^ * 

E 

S3 2 

;C+ 10 


whence ^ a:=:6 6ohms 

31 IVhen a coil of wire is connected in circuit with a 
battery and a tangent galvanometer, the latter shows a deflec- 
tion of 45* If the wire is replaced by resistances of 24 and 
25 ohms in turn, the deflection is 46® in the first case, and 44® 
in the second Find the resistance of ithe wire Tan 44®-?= 
966,' tan 4S®= ij tan 46®== 1 036 

Let r be the resistance of the circuit and R that of the 
coil of wire ' ' ^ 

Then we have. 


' t e 


C 

E 

R + z* 


= K tan 


45'’=K 


Similarly 

✓ 

and 


E 


r-1-24 

E 


= K X I 036 


^+25 


= Kx 966 



I tangent galvano- 
f 40° was obtained 
action of 35° with’ 
nometer and con- 
is Find the inter-^ 
, tan 40 = 8391 
[ Atts — I 03 ohms 

les, and the circuit 
nometer The resis- 
>■ are 10, 50 and 20 
“ential between the 
lat IS the E M F 


and as this passes 


1 he nee £=^'8 volts^ 


>hms and E M F 
re arrangement and 
i the arms of tho 
‘1 the current in the 


ge IS given by 

I 


I ampere 
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Electrolysis *, 

The eight of ion hberite^ »? gi'tn b; 

rC/ where 

=w*cignt of ion in gms 
C-*= strength o. current in amperes 
3 »e'ectro-chL tnic.il equivalent, 
/=tiine m second'? 


EXAMPLES,- 

/ 

55 How nnnj atnpcrts would deposit s gms oi copper 
in 15 minutes tnc current being supposed constant ^ 

Here ems z— 0003276 and /=9oo secs 


C= 



= 6 7S amperes 


36. Ifovr minj gms copper would be dcpositea b},^'> 
constant current of 12 amperes acting for one hour ^ 

[yins — i4i3gm 

37 35 3 ^ copper ire liberated in 5 hours bv a 

constant current of C amperes Find the v.iluo of C 

[ yfns — 6 16 imp 

4S Uliat would be the strengtn of a constant current 
which liberates 50 c c of hjdrogen in 5 minutes ? [ yfns — 

39 04 pm nf metallic copper is deposited in half ’n 

hour on the oithode of an clectrol)tic cell Find the value 
_ of die current passing The C C C of copper* o 000325. 

[ C U 1909 

I cc of hydrogen weighs aoooSpG gm 
50 c » >r 00448 pm 

And from the equition Cr/wehise — 


Whence 


C= 


=/ 


C=r 


oo 4JiS 

*0000104 X 300 


==14 ampere 



nd on connecting 
>bserved that 250 
' dc in 15 mm 3a 


Coiipaiisrn of Rcsi^^i^ncis 


'Jnnciple of Wheat- 

• (See Dis Practical 
' It passing through 


\ 

in the three arms 
ourth arm' In a 
sistance, the apa- 
‘letre-bndge or the 


‘sistances of 10 and 
1 resistances, a wire 
placed its ^resis- 
' » s were arranged to 
resistance ? 

' Ans — 28 I ohms 

nected in parallel 
Wheatstone bndge " 
‘ resistances in the 
» ohms respectively 


\ 


I len the resistance 
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And S IS obtained from 


or 

whence 


P R 
Q“s 



x=2o ohms 


lo X r 2 


= 4 ohms 


43 An unknown resistance x and a coil of 
put on the gaps of a metre bndge and balance 
when the jockey stands at 35 cms from the end 
nnknown resistance Find the unknown resistance 


10 ohms are 
IS obtained 
nearest the 


Here ■ - whence a = iS 37 ohms 

44, Two resistances of 10 and 40 ohms are put in the 
gaps of a metre-bndge, At what position of the key there 
would be no current in the galvanometer ? 

[ Ans — 25 cms from one end 
45 An electric current ot 5 amperes is divided into 3 
branches, the lengths of the wires in the three branches benng 
proportional to r, 2, 3 , find the current in each (the wires are 
of the same material and cross-section) [CU 1912 
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' r the convenience of teferetue the lubject matter of each- 
n has been shoivn on the margin oh the right hand side 

, In caies when a question''has been repeated 

irginil note 

tn the University Papers of different years, 
t r, the paper and the question number of such repetihons 
I so been put in the margin, from which it is hoped, the 
will be able to realise the impoilance of a question from 
' iversity stand-point 

‘ ' drawing graphs students are advised to ptovide them- 
•nth squared papers of the same size as are often supplied 

, at the examination hall Such a piece of 
n graphs ^ ^ ✓ 

•paper generally contains 8 big divisions on 
'e and lo on the other, eacll big division containing- 
Icr ones It should be remembered that numerical 
nust be assigned to a division on the squared paper along 
IS, such that the giaph when drawn may fairly extend 
» the whole of the Squared paper The natiiie of the giaph 
xt be verified ftom those ^ that have been inserted in this " 
For directions on drawing graphs in Physics, see De's- 
• 2 l Physics, ptige zg '' 


PHYSICS. 


1909 ‘ 


( Mr C W Pe\ke 
Mr R S Trivedi 
Dr E P- H=iRRiso:!t 

FIRST PAPER. 


Only Seven qu£Stiones to be attempted^ of which the tenth 
must be one All the ^uestiones are of equal value 


1 You are provided with a stnp of plane mir- 
ror, some pins and drawing matenals How would 
you prove experimentally that the image of a fixed 
object remains m the same spot whatever may be 
the position ot your eye ? 

2 What do }ou suppose to be the cause of 
the colour of an opaque object illuminated by 
white light ? ^ 

"l^Hiy do ordinary blue and yellow pigments ' 
appear green when mixed ? ' ' 

Objects which appear vanously coloured in 
white light are illuminated by sodium Same 
Describe and explain the effect observed 

3 Explain by means of diagrams, how the 
position and size of the image vanes with the posi- 
tion of an object for a convex sphencal mirror 

An object of height x inch is placed at a 
distance of 3 ft in front of a convex mirror of 4 
feet radius , Find the position and the magnitude 
of Its image ' ^ 

4 A short-sighted man who can read clearly 
when the print is not more than 3 inches from his 
eye, requires spectacles to enable him to see a 

_ distant view UTiat kind of lens does he need and 
what must be their focal length ? Draw as accu- 
rately as you can, the path of a ray of hght from 
a distant object through the lens of the man’s eye 
(o) without the spectacles (^) with the spectacles 


Reflecbon 
from plane 
Mirrot 


Colour 

Indies 

it-IA-3 


of 


Converx 
mirror i 


M>op>a. 
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FIRST PAPER— 1909 




Vapour pres- 
sure 


Determina- 
tion of Pitch 

11- I6 
12 I 9 
14-I-9 

Loudness 

12- 1-9 -s 
Quality 
Use of Reso- 
nance box 

Sp Gr 

17 - 1-3 

18- I3 

f 

Pendulum 


Graph 


\>S Two baxometers stand side by side A few 
drops of water are ^ introduced into vacuum of 
the one and a little air into the other What would 
be the effects on 'the errors in the barometer read 
mgs thus 'produced ‘of (a) a change in the atmos- 
phenc pressure (^) a change in the temperature ? 

6 Assuming that the velocity of sound m air 
IS known, describe 'in 'detail one method of measur- 
ing the vibration frequency of a taning fork 

7 Describe the physical cause which gives 

rise to the sensation of loudness and of quality m 
musical note 'Why are the strings of such an 
instrument as the violin mounted upon a hollow 
wooden bo\.? ^ k ' 

Describe carefully any two methods of 
finding the specific gravity of a piece of glass - 

Two simple pendulums of length i metre ' 
and 1 I metre respectively start swinging together 
witn the same amplitude Find the number of 
swmgs that will be executed by the longer pendu- 
lum before they ate agam swinging together ‘ [ ^ 
= g78cms/secj - , , 

iq From the following data* plot a curve 
shoivmg the variations in the volume off a mass of 
water with the temperature Find graphically two 
temperatures at which the volume of One cubic 
centim'etre of water at o", becomes equal to o 99990 



Temperature 

Volume 

Temperature Volume 


a 

0, 

I 000000 

7 

0999952 


r 

0 999948 

8 

I 000003 


2 

09999 1 1 

* 9 

I 000068 


>3 

o'ggpSSg 

10 

t 600147 

Vol of 
water at diff 

4 

0 999883 

ii 

i 

I 000239 

temp 

* 5 

0 999891 


' If 000344 


6 

09999*4 , 

*3 

, I 000462 
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' SECOND PAPER 1909 


Answer any Two,<jk^ 0/ questions Jj 2, and j, 
and Five ]rotn the rest 


I What do you mean by the term Mechanical 
Equivalent of Heat ? .r 

An .engine of i' horse power is used in 
boring a block of iron of mass 1000 lb Assuming 
the whole of the work done by the engine is used 
up in heating the mass of iron, .calculate approxi- 
mately the nse in the temperature of the iron after 
the engine has been working for 20 mintues [The 
number ot units of work required to raise the tem- 
perature of I lb of water 1° Fahr =772 foot lbs 
The' sp heat of iron = o I , 1 horse power* 550 
foot lb /sec ] 

A small s<^id metallic object is immersed in 
a beaker of water and suspended from the arm of a 
balance What would be the effect on its appa- 
rent weight as indicated by the balance of ' ‘ 

(fl) an increase in temperature of the water 
' {by an increase in the temperature of the solid 
(t) an. equal decrease in the temperature of 
both water and solid ? 

What do you mean by_the term Latent Heat 
of Fusion of a' substance ? 

A lump of ice weighing 100 grammes is placed 
m a beaker containing a litre of water at a tempera- 
ture of sa'C When all the ice has melted the 
temperature of the water in the beaker is observed 
to fall to 4o'’C Find the Latent Heat of ice,' neg- 
lecting loss of heat by radiation and conduction 

4 State Faraday's laws of Electrolysis. 

04 gram of metallic copper is deposited in 
half an hour on the cathode of an electrolytic cell 
during the passage of a .steady electnc cunrent. 
Find the value of the current and, name the iimts 


Mcdi equi- 
valent of heat 


Upward press 
in a liquid 


I i 


Lt 'heat of 
fusion 




Laws of 
Electrolysis 
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Electromag- 
netic indue 
tion 

Ji IIB 4 

13 II 10 

14 II 9 


Metre-bridge 


Heating effect 
of a current 


Mag lines of 
force 


second' paper — 1909 

in which you express your result Electrochemical 
equivalent of copper«=» o 000326. 

5 T\\o coaxial cylindrical coils of 'wire, insulat- 
ed from one another, are arranged so that the outer 
one IS connected to a galvanometer and the inner 
one to the terminals of a battery Describe con- 
secutively the behaviour of tlie galvanometer when 
the battery circuit is suddenly closed, left closed 
for two or three mmutes, and then opened When 
the battery circuit is open, describe exactly what is 
the effect of putting the north pole of a bar magnet 
into the middle of the inner coil 

(Illustrate your descriptions by careful diagrams 

6 Give the theory of "WTieatstone’s Bridge 

method of measuring a resistance Draw a diagram 
of an ordinary metre bndge an^ Show clearly the, 
vanous connections that have ^to be made m 
pcactice r 

What IS the effect observed if the galva- 
nometer circuit IS closed before the battery 
circuit ? 

7 A coil of wire of resistance 2 ohms is 
soldered to two thick copper rods and immersed 
in 1000 grams of oil((sp heat of oil 06) A current 
of strength 3 amperes is passed for so'^minutes 
Neglecting the water-equivalent of the calorimeter, 
loss of heat by radiation etc , find the rise in tem- 
perature of the water A current of i ampere 
passing through a resistence of i ohm for i sec 
generates o 2387 calores 

8 Describe what is meant by a line of force 
of a magnet Two bar magnets are placed end to 
end with the North poles towards one another 
separated by a few millimetres Draw the Imes of 
force in the plane of the paper, neglecting the 
effect of the earth’s field 

What would be the effect oii the magnetic 
field of placing a. small ring oi softjron (with its 
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plane parallel to the plane of the paper) in the space 
between tne two north poles ^ 

Q The poles of a bar m-^et are not neces- Mag of 
s'>nl\ on the a-^is of sj mmetr) of the magnet a I^ag^t.t 
How \sould >ou find expenmentallj the direction 
of Its magnetic aais ^ 

10 A strip of copper and stnp of zinc are 
dipped into a \ esscl containing dilute sulphuric Doftri-? or 
aCid The strips are attached"^ to the two tcrnii- 
nals of a galvanometer, the needle of which” is ob- 
served to be deflected Tins deflection decreases 
cosiderabl) after the strips have remained for -lULt’cr-c 
‘■ome time in the acid Vt hv is this ^ 1M at me- "'crt e<; 
thods have been adopted in practice to “void 
this effect in voltaic cells ^ Give evampie-^ 


ANSWERS. 

FIRST PAPE^— 1909 

r 1 he image of a fiixccl ir’jjict in front of a ptan^ mirror seem- 
to be formed at a fixed point ben*nd the mirror , hence from vi Ivat- 
cTcr position of the eve it is looked -'t u remains at tin, s vme spo* 

To locate tire positioa of the inage pr.iv-ucalh , either the Ste, it nr 
method or the ParaVax method na\ be adopteo f5tt. DJ-Praettea^ 
Physics 1 6 a) ' 

2 When V lute light i-, incj'^i-'lon an object poitmn of light 
isabsorbed ana ^r^qucntlv r^nv cried ip*p 1 cat ‘'t rond portion is 
reflected while 1 third is iransmiUcd Inc colo’ir of opaque 
btraies K due to the rcflc* ted hgbi v nilo i transa.arent Ixidv has its 
colour determ.ncd b} the transmrttcxl huht 

L cofour because nJ is the predominant 

co^urm the Ighf reflected from the -tirf? c the Iredv The 

Blec r)*"mert absorb;, all the components of while h»bE 
e vcop the blue ravs -wid to some evtent their adjacent ravs , 
.vtreea and mdiiro h milarly the vello v pigment absorbs all except 
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'ellow^and to some extent the green and orange rays Thus a« 
ure of the two appears green, for it is the only portion, that is not 
rbed by cither 

< )b]ecls appear to be of vanous colours in the daylight because 
I seven colours ih the white light they absorb nearly all except 

1 olours they exhibit 

()bjects coloured other than yellow in the ordinary day light 
* 1 tvought under the yellow light of a sodium flame appear 

k, because the yellow rays are all absorbed by the body and 

2 IS no other ray to be either reflected or transmitted by the body 
h determines the colour of a bod}', opaque or transparent 

() 1 cts coloured yellow, will appear very bnght because the yellow 
arc not absorbed but reflected or transmitted, as the case may 
Bodies coloured green or orange (the adjacent colours to yelloyv)' 
allow some yellow light to pass through or suffer reflection and 
e present a slight yellowish tint (See Gtaeebrook — Ari 125 , 
Ganot — Art 380 ) 

j For a convex mirror the image is always virtual, erect, 
Iler than the object and on the side of the mirror remote from 
1 object When the object is at infinity, the image is on the 
I sand IS almost a point in size ASJhe object approaches the 
■ or, the image moves from the focus to the mirror increasing in 
from a point to that of the object itself 

The following two figures will illustrate the point (Here 
V a fig after flg 6g Glasehrook — Light) 1 Next draw another 
• how the position and size of the image when the object PQ^s 
.in nearer Show that the image has grown bigger and has 
I roached the mirror 

In the example giyen, a=3 ft 4ft., /=z/2==— 2ft 

Substituting in the usuaT^uation , . > 


i + d., 

V u 


/ 


We get ~+JS-= — 

V 3 2 - _ 

Whence ®=— 6/5 ft 

fhus the image is virtual and is formed behind the mirror - 
Again-the magnitude of the image is given by 

Vieight of image v \ I 6/s 

Height of object™ « ‘ Tjn^^ ~3 

Therefore the image 2/5 m long 
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4 A. shorl-sighled eye cannot focus for a distant object , in 
other Words, a pencil of parallel rajs is made to con\crge by the 
human lens nt a point not on the retina but a little in front of it, — 
the lens being loo much cont crgcnl To focus the parallel rays at . 
a point on the jellow-spot, a divergence should be introduced * 
before the rajs pass through the human lens , this can be secured by I 
the use of an auxilhory concavt lens m front of the human lens ' 

The function of the concave lens will be to produce an image 
of a \cry distant object (the raj's from ^vhlch may be const- 
dered parallel ) at a point 3 in, in front of the cj'e, so that ihe ejt 
can then focus for it In other words, the concave lens must 
have a focal length of 3 in Objects at nearer distances will hate 
their images within 3 m , thus all objects wall be seen 



Flo (b) ., „ WITH „ 

Fig (A) shows the path of hght from a distant object, pass 
mg through the cjl wilhoui spectacles, fig. (B), with the sp^ta 


S The barometer containing air — 

(a) Changes in atmospheric pressure will produce smaller 
sanations in the height of a barometne column than in the case of 

barometw™*"*'*'^**’ elasticity of air in the faulty 

(A) When the temp is diminishi.d. the height of the column 

“Tot 

ESS 

-Here we have to consider two 


\ 
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^i) When the space above the mercury C9lumn is unsa- 
urated ‘ * 

(2) When it IS saturated with w ater-\ apour ' ' 

n thi first case, It \tiU behaac like a gas and the observation 
be as in the previous case ^ 

When the spare above is saturated, (a) change? of atmosphenr 
.sure mil be. correct!)' shown, sinre the pressure* of aqueous 
our IS constant The pressure of saturated aqueous a apour, 
)ng as temp remains constant^ is constant ^and is obtained from ,* 
difference in height of the mercury column hi the correct baro-,_ 
er and that in the fault), barometer ' 

b) A rise of temp would reduic the mercury column, for, in 
ca^c pressure of aqueous vapour increases , while, a fall of 
p w ould increase the column 

j 1 I 

) We can dotdrinine the frequency n of a fork from the 
tion ' ^ ^ 

Velocity frequency x wax e-lenglh ' 

To find the w aye length in air of the note emitted by the fork 
arrange to hax'c a resonant column of air corresponding to the 


r 

For the practica^l portion see De’s Sound Art 35, and for , the 
ilication of the formula see Ari 75) / ^ ^ 

7 For Loudness — See De’s Sotpiit, Art 39 (»■) , 

„ Qdahty — , 57, 7/ first para ' 

The hollow w'Ooden 1j6x fohns a rrsOhator, the partitlesvpf which 
taking up the vibrations of the stnng,, throw the air-particlw mthin 
ito forced vibrations, thereby inci casing, the note — See De's,^o^ut:d 
39 (s'*) 


8 (a) Hydrostatic Balance infelhod,' t ^ee De s Gen Phystes p 25 
j-fft) Nicholson Hydrometer— I See , Do i /> 25 , 
9 ' The’ penod of oscillation m the case' of Ihe shorter pendulum 


f I 

For the longer one 


too 






no 


1 r’ . I ’ 


\ / j ■ 1 I ' I I 

Let j the two pendulums starti' swinging together Now, when' 



f 

y 
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WITH temperaturt: 

i 
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iiie longer one has finished the first oscillation, it has taken iz—tj. 
seconds more than the shorter pendulum ^ 

Let M be the no of swings of the larger pendulum after whicb 
both sTOng together again When this occurs, w ^i)must be 
equal to fn or a multiple of ' 

- Let n (/j — /i)<= A X where A is anj integer 


Or 


A/» 




Vll o 


Viio-Vioo 
. Viio(V'iio+ Vioo ^ 
10 

. II0+10-/I10 X 

— 

10 

= A (ri t-Vtxo) ' 

= Ax 21 2= — - ^ A 


Therefore, to get a wlfole number fo^ the value of 71, the least 
value of A must 5 


/V B -—This IS not a fair question tor an I Sc Pap^r In fact, the 
closer is the approximation taken in finding the roots of the irrational 
quantitji, the-^aiue of « ivould go higher Stnctlj speaking, the correct 
answer Svould be infinity - t 

' I ' - " 

10 From the graph in the opposite page the reqd temperatures 
area® 4 land 5® 4C when the lolume is o 9999c c 

Hercji axis respresents the. volume in c c 

1 big division =0 000120, so i small div = 000012 

And X axis represents temperature in centigrades 
3 small divisi0ns«= i®C 
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, t For the meaning of the term 
Meat see the note on this given mPan 1 

In the example giveh. 


hlechanical Equivalent: of 
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Heal generated bv the engine m so mmulcs 
= tiorkdoncbj the engine x-i- 
' =>50x20x60 

' =^=ii. 7 units I taking the heat reqd to raise tivc 

temp of I lb of water through F asthcjunit 
of heat) 

Now heat generated b} the engine 

= Heat ab'=orbed b\ the iron 
= 1000x0 r X# 

tc S547 = loot whence/ = S’ 54.7 F 

2 From Archimedes’ Principle «e know that a bodj immers- 

ed m liquid loecs a part of its weight equal to the weight of the 
displaced liquid ' ‘ 

(a) When the temp of the w atcr increases, us densitj decrea- 
ses, hence the weight of the displaced liquid being less than before 
the bod\ appears heavier 

(i) As the temp of the solid on’j increases, it expands in aolume 
and displaces more liquid man before, thus appearing lighter 

(c) For an equal decrease in temp of both water and the 
solid, the fo’lowing changes occur , — (i) the volume of the bod} 
diminishes ‘(2) tne deasitx of the water increases But as liquid 
contract more than sqhds (their co-cfRcicnt of expansion or contrac- 
tion being greater^ the weight of a volume of water equal to that 
of the solid IS greater than before and the bod\ thu*! losmg greater 
weight appears lighter 

3 For the Latent Heat of Fusion of a substance — Sec Glasebrool 
Ari ti2 (4) or rote on tf tri-^er tn Part i ^ 

In the example given 

Hea* gamed bj 100 gms of icc in nsmg from o“C to 4o*C 
= Z X ioo-«-ioo (40—0) 

=> 4000-t.joo L units 

^Again heat given out h} i hire of water at 52’C in falling 
to 4o*C = 1000 ,(52—40) 

= 12,000 units 

Now Heat giacn out b} water s= Heat absorbed b\ ice 

1 e I20oo='40oo+ioo L x^hence La>8o calories 
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I I 

4 For Faradays Laws — ^The mass of an ion sat ftee by a" 

current passing through an electrolyte is proportional to ^ ^ > 

(1) the current strength 

^2) the time during which the current passes - f 

(3) Its electro chemical equivalent Sec Poyesr — Advanced Mag^ 
and Elec Page sjo 

From Faraday'’s Laws, we have 

W=C3f See Mote on it tn Part t 
Heie \V = 0 4 gm b—o 000326 and t ■= 30 x 60 seconds 
Thus 04 =C X o 000326 X 1800 
whence C = 68 ampere 

5 For the diagram— See Poyser Fig 2^, page 285 < 

For the effects of the current and the magnet — See the ex- 
cellent table given in JPoyser page 286 ^ 

f I 

6 For the theory of Wheatstone bridge— See De's Pracitcal 
Phystes Page 2^2 For the diagram of a metre bridge and its 
arrangement see page 2^4 as above 

If there is inductance in the circuit there will be a sudden 
big throw of the galvanometer which ,may disturb the adjust- 
ment 

Af > 

7 In ithe question there is a misprint, read oil for water 

Here, we have that a current of i amp flowing through h rOsis** 
tance of 1 ohm and acting for one sebond generates o 2387 calories 

And, we know that H, the heat generated is proportional to C® 

Here H=3X3X2X3ox6oxo2387 

»7733 88 calones ^ ‘ ^ 

This quantity of heat has been absorbed' by jooo gms ^f 
Oil of specific heat o 6 and its rise oh temp t is given dy 

1000x0 6xf=7733 88 ' 

whence < <=72" 9 C 

8 See J?e's Practical Physics, page 208 

The lines of ; force will be like those shown in dg 26* 
Poyser, page 2S 

For the effect of a soft iron nng, See Jig 37, Poyser 
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9 In determining the magnetic axis it is to be remembered 
that the latter is always parallel to the magnetic meridian and / 
freely' suspended magnet always rests in the magnetic meridian 

To find the magnetic axis, fix tw&' pieces of card-board, 
one on each of the bar-magnet These card-board pieces 
should have a hole each to which a \erttcal cross-wre is 
attached Now let the magnet be freely suspended over the 
drawing board when it will be found to rest parallel to the 
magnetic mendian and the cross-wires w’lll seem to coincide 
when looking through the hole nearest the eye Now fix two 
pins on the paper so that these two and the cross-wires appear 
to he on the same straight line Draw a st line'joining the pins 
Again, turn the magnet upside down aud obtain another straight 
line in the same way It w ill be found t hat these lines intersect , and 
the line bisecting them will give the magnetic axis of the bar-^ 
magnet 

10 The current in the Cell may stop owing to the following 

causes » 


(а) Neutralisation of the acid— which may be remedied by 

replacing the acid ^ 

(б) By Local Action— wmeh may be remedied by the amal- 
gamation of the zinc plate — See Poyser page 190 i 

(c) Polansation— which may be remedied by the followmo- 
means — j 


(1) Mechanical— by brushing the plate from time to time' 
and making* the surface of the plate rough 

(2) Chemical— by using a second liquid in the cell which 
will oxidise the hydrogen bubbles —See Poyser, page 191 


(3) Electro-chemical— by using a porous pot within a cell 
sucli that somc solid mctal such as 
bubbl deposited on the cathode instead of hydrogen, 
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i 

I Dr E P Harrison 
/ < per-setters ■{ Mr Bruhl 

( Mr K K Banerji 

questions me to he attempted of lolneh question 10 must 


' Desenbe iti detail how you woulfl test by toeans 
the o* pendulum expenments whether the acceleration due 
' c. to gravity is the same for all substances* 

^2 A pnsm of cork, i6 ems high, and of square 
section equal to 2 ems side is cemented to a prism of 
lead of the same cross section land j cm high The 
composite prism is allowed to float in water How 
touch of it Will project above the surface of the water 7 
[Speeme gravity of ,cork' 025, specific gravity of 
lead TJ ] 

3 Define ‘intensity of pressure at a point in a 

n a Prove that the difference of pressure between 

the surface of a liquid and a point in the Jiquid 2, ems 
below the surface is given by -p^eds, ‘where dhs the 
density of the liquid^ and g is the acceleration /due to 
gravity.! , ^ ‘ ^ , , 

An U-tube open a’t one ^nd and closed at the other 
’1 with^ mercury (density 136) TTie 

closed end of the tube 'chnlams some air, and the ' 
mereuo' in the opBn 'limb stands 30 crtis - higher than 
It does in the closed limb Find in'C' G S units, the 
intensity of pressure on the air in the closed end of 
the tube * 

4 A cylindrical tube made of "non-conducAing 
material and closed at both ends contains 500 grams of 

« ' att jMd shot which, when the tube is held vertically occupy ' 
^ ™ length /The tube is suddenly in- 

verted so that the end originally above is now below, 
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and tlic shots fall to the other end of the tube The 
tube IS then asjain quickly inverted, and this process 
IS repeated soo times At the end of this process the 
temperature of the shot is found, by means of a ther- 
mometer, to be I 4®C hiijher than it was at the bcgin- 
inpf of the experiment Find the value of the mechani- i 

erS equivalent of heat ( Specific heal of lead, 03 
It is assumed that no ^|eat is lost by radiation and 
conduction 1 

5 Describe an txpenment which illustrates the Refraction of 
refraction of radiant heat Be aery' careful to explain Ridiant neat 
what you would use is your source of radiant heat and 

how y ou detect the refracted beam 

6 Distinguish rarefully between saturated and 
unsaliiratcd xapours 

Into a cylinder exhausted of air and provided with 
a piston there is introduced just enough w ater to satu- 
rate the space at 20®C Describe what happens under Saturated and 
the following conditions — unsiturated 

(o’) The xolume of the space is increased by' pull- 
mg out the piston 

(i) The volume is diminished by pushing the 

piston down 1 

(c) Thexolume remaining as at first, the tem- 

perature IS inccased to 30® C 

(d) The temperature falls to io®C 

7 Desenbe some simple form of syven Syacn 

The disc of a given syren has 32 holes A tuning- 
fork mi^cs 512 vibrations per second What must be 
the speed of rotation per minute of the syren disc so 
that the note emitted by the syren may be in unison 
With that emitted by the tuning fork * ' 

8 Explain what you mean by amplitude of \ibra- of 

tion, and^ \clocily of propagation, in the ease of a vibration 
longitudinal wave 1 

When arc tu'o xibrating particles said to hax'c the Phase 
same phase ? 

What are stationary waves? How arc stationary Stationary 
waves produced in the ease of a ‘stopped’ organ waves 
pipe? 


8 
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9 A long glass tube of uh^iform capillary bore 
contains a thread of mercury which at 0*1 is i metre 
long At ioo°Ci it IS 16 5 mm longer If the average 
coefficient of volume evpansion of mercury is 000182, 
what is the coefficient of linear expansion of glass 7 

JO In an experiment which had the venhcation of 
Boyle's law for its object, the following data were 
obtained — 

0 

Pressure in millimetres of mercury — 

230 I 410 I 580 I 760 I 850 1 930 I loro I , 

Volume in cubic centimetres — 

, 167 1 102 1 73 1 55 I 49 2 1 45 ],4i 4 I 

Draw a curve representing the relation between • 
volume and pressure at the given steady temperature 


^ SECOND PAPER., ^ 

Austuer any TWO out of the first four and five 
from the rest 

1 Expli^in how by means of pins and a large 

glass pnsm, you could obtain the relation between the 
deviation of a pencil of light and its angle of incidence 
on the pnsm face Draw a curve showing the Kind of 
graph you wo^uld expect to obtain, and bnefly discuss 
the meaning of the graph > ' 

2 You are given a drawing board, a sheet of 
white paper, a lead pencil, and a metr^ tape Making 
use of ffiese articles, how would you compare the 
candle power of two kerosene oil lamps of different 
patterns 1 Supposing that the candle power of the 
two lamps are found to 'be 25 and 40 respectively, what 
were their relative distances from the screen ? 

3 You are asked to produce a pure spectrum of 
sun light For what apparatus would yoii ask - 
Desenbe in detail how you would arrange the appara- 
tus ? Suppose that (0) a flame of Bunsen burner, 
coloured by sodium chlonde(£) a vacuum' tube contain- 
ing hydrogen__and made luminous by means of an 
electric discharge i^ere u^ed instead of the sun as a 
source of light, describe in' general terms the spectra 
produced 
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4 Draw figures, approximately to scale showing 
the path of the light rays and the positions of the images 
formed when a luminous object (say an arrow) is placed 
at a distance (a) of i inch (fi) of 6 inches from a convex 
lens of 2 inches focal lengA 

5 State the law of Ohm If you were given a r esis- 
tance box, a tangent galvanometer and an accumulator 
cell of small internal resistance, also copper wire etc , 
how would you test the truth of the above law' 
experimentally * 

6 You are given an insulated charged body, A, a 
hollow insulated conducting body B, and a larger 
hollow insulated conductor C The vessel B can be 
"placed entirely inside C without touching iL Show 
how it IS possible to give to C any multiple of the 
charge on A without bnnging A mto contact with 
anything 

7 How would you prove the law of inverse 
squares for m^fnebc forces, given (a) a. magnehsed 
rod of steel about a metre long ( 6 ) a small suspended 
magnetic needle, (c) a measunng rod and (d) a stop 
watch 7 

8 You have at jour disposal (a) three Dariiell's 

cells, (6) a beaker, (c) some plabnum foil, (d) some thin 
sheet of copper (e) a litre of dilute suTphunc acid, (/”) 
insulated copper wire, ( jg ) clamps &c Draw a diagram 
showing how you would arrange matters for the purpose 
of studying the electrolytic effect of the cells, if one, two 
or all the cells are joined up in senes W^at different 
results would you obtain in the three cases ? " 

9 Descnbe what you observe when a discharge 
from an influence machinb is passed between two smooth 
metallic balls placed at varying distances from each 
other What difference is produced in the appearance 
of the spark by placing a capacity m parallel -with the 
spark-gap ? State your ideas as to the mechanic^ pro- 
cess involved in the passage of the spark 

10 A current is flowing in a straight wire four 
meters long You are given a magnetised steel needle 

'mbout one cm long suspended by means of a silk fibre 
How would you prove expenmentally that the strength 
of the magnetic field due to the current falls off as the 
distance from the wire increases ? 
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I Tiic period of oscillition < of i Mtnplc pcndiilom is giTtn b3' 

•' '-vr 

s\hLre / r. length of the pendulum incisurcd from the point of 
oscillition to the point of suspension (Tiie pt of oScilKtion is Tcrj 
nearly the centre of grasitj of the pend) ind ^ the acceleration 
due to Rravit) 

Take spheres of difl substances, saj, lead, copper, ivorj etc 
and suspend each in turn by a string so tint the length I ( uhich is 
equal to the length of the string the radius of the ball) is the 
same in each ease The radius r is obtained from the mean 
I of several measurements of the diameter of the spliCTcs, taken by a 
shdc>cahpcrs 

Note the lime taken for some 20 oscillations and hence find 
t , It mil be observed tint neglecting the resistance of , the air 
the pendulums oscillate in equal times, thus showing that the 
acceleration due to gravity is the s-»me for all substances at the 
Same place See De's Genet al Phystcs, p 144 . 

2 We know that a body floating jn water displaces a quantity 
of water equal to its own weigdit 

Here volume of the cork«=2 K2 16— C4 cc 
,, „ lcadM2X2x I = 4 cc 

wt of cork =64x0 25 16 gitis 

\ ,, „ lcad«4xn «= 44 gms 

Total wt®=44+i6 => 60 gnrts 

Let h be the length lof the composite prism within the 
water 

Then, vol of water disp1accd=2X2X/ cc 
wt of displaced watcr=2 x 2^A gms 
which must be ' =60 gms 

' 2 X2 x/x e>6o gms whence 15 ems 
the length out of water=(i7 — 15)0*2 cir 
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3 Intensity of pressure, ai a point in the fluid is the pressure 
on unit area round the point, supposing the pressure is uniform on 
the surface of the fluid 

Press at a pt A within the liquid 
==Diff of press at the liquid surface and that at' A 
press on a unit area round A 
— wt of a' column of liquid standing on th6 unit 'area 
and reaching the liquid surface ' 

~vig where in is the m^s of the liquid 

=vdg where « is the \oI and if, the density of the 

liquid 

^gds ^ {ori>=BXi 

But T0I of liquid in the column 

= height of the hqnid xits cross-section 

Again, press on the surface of the liquid ='71 

where ir is the atmospheric pressure ‘ 

' Total press atA=ir4^ifc 

So that the diff in press atA^gds ‘ ' 

Sec De’s General Physics Art 124 

Draw a fig of the U — tube and show the heads of the 
liquid columns in it , ' 

Press of air m the closed limb 
aatmos press +lhat due to a column of 30 ems mercury. 

As the atmos press and g are not given here we may ti»V e 
their normal values, namely, that due to 76 ems of mercury 
981 dynes respectively j' ~ « 

Press of air a that due to (76+30} or 106 ems ofmercuty 
=s 106 X 136x981 dynes=>i 4+10® dynes, 

4 Here, mass of lead . =500 gms 

No of times the tube is inverted =200 

Dist in ems the shot falls =(;-6) ems I being the 

length of tube ' 

Rise in temp =I®4C , 

Sp heat of lead aOo3 

The work done by gravity «2oox5oox(f-6) gmi ems, units 
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Heat gained by lead 
Mech Equivalent, J 


=500 X o 03 X r 4 units 
Work done 
~Heat gained ' 
_ 20ox5oox(/— d) 
500x003x1^4 
=4762 x(Z- 6) gm cms units 


In the example /, the length of the tube is not given Taking 
the value of Jc=42Xio7gm cms units the intended value of 
I IS about 15 cms 


5 An excellent answer to the point is given in Glasehrool, 

Heat, Art 160 (1) and (tt) Experiment 50 (a) and ( 4 ) ^ 

6 For distinction between saturated and unsaturated vapour 
see pages 124 and 131-32 Glasebrook, Heat State the effects or 
changes of temp and pressure on saturated vapour ( page 124 ) 
and on unsaturated vapour {pages 131-3,2 liiii) 

For the second part of the question — 

(a) The vapour becomes unsaturated , as the volume of the 
space (which is now increased can hold more vapour » 

( 5 ) When the volume < is decreased, there is more vapour 
than would saturate the space, therefore soitie vapour is condensed 

I (c) The temp having increased the saturation pressure 
increases but as there is no more liquid to vaponse, the space 
becomes unsaturated 

(d) Some vapour is condensed while the space remain 
saturated with the saturation pressure at io<*C 

7 jFor the figure and desenpbon of the syren, see De's, Sound 

‘-Art 6e " " 

Now frequency of the fork 

= frequency of the note from syren, when in unison 
= No ^ of holes in the syren disc x no of revolu- 
tion per sec 

or 5i2=32x« j 16 times per second 

t =>960 „ minute 

8 In the case of a longitudinal wave such as ' a Sound wave 
the*displacements of a particle m the medium through which the 
wave IS passing, take place along the direction of propagation of 
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the%a\e In otlicr words, ihc pnrticlc moves tO“and-fro about 
It'S mem posilfon, its motion bcini^ of the tv pc of a Simple Harmonic 
Motion 


The maximum displacement of a vabratmg particle on cither 
side of Its mean position is called the ampUtude of vibration 

The velocity of propatjation of a wave is measured by the 
distance traversed over b) the v\ av c in one second If \ b c 
the v\ ave-Icngfh 1 c the space passed ov er in the lime of one 
period IT) of tlie vibrating sonorous bod}, then 



Two particUs art «aid to be in the simt phase when ihej 
Vibrate n cvactlj the same wav j t with the same penod 
anJ amplitude, thev pass the correspat dnttr points in their 
paths at the same instant [S'tr De'e, Sound Art 13 ( 3 )] 

When a region of a nicditim is affected simultancous 1 > by 
two similar waves 1 t of the same period and amplitude, 
travelling in oppo>-it(. directions along the same line it is 
^rown into a state of vibration, known as stationarj vibration 
Places of no motion ( 1 c nodes ) and those of maximum vibra- 
tions { 1 c antinode® ) become permanent or stationary in 
position 


.a rixcci relation watti 


The displacement at each point is 
respect to that of any other point Unl'ke a progressive wave 
^erv particle has got to passthrough i evde of displacements 
Hence m a stationar} vibration there is apparently no trans- 

tUlSSlOn \lhr*llnrv rrtnlfnn frnm 


Hence m a stationar} viorauon mere is apparently no trans- 
mission of vibratory motion from particle to partirU 

Seo Dr'v Sound Art ^o 


wriT V iypuna MrT 

In a stopped organ-pipe, the mriden* wave and its reflcc- 
tton from the dosed end intorfcr* with cadi other and give 
\ undulation I he position of nodes and anti 

nodes Within the pipe can be expennicntally mvesiigaicd 

The explanation of the fomi.ation of stationary waves is 
outside tl c sjlhbus of the Intermediate Course m Phvsics hence a 
actailcd answ er has not been giv en» 

9 Expansion of i metre of jooo mm m lenglli" of mercury 
10. a rise of temp through 100 ‘C is through 16 $ mm in length 

Co-efft, of rclativ c expansion of mcrcura' 


lOQOX TOO 


0*000165 
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But the co-efTt of absolute expansion of mcrcui^ 
— o 000182 

Therefore co — efft of volume expansion of glass 
>= 0001S2 — 000165 e= 000017 
Hence co-efft of linear expansion of glass 
= 000017/3=0 0000056 nearly 
10 In the graph showm below , 
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X axis represents pressure in mm of mercury 
I small diy =25 mm 
and y axis represents volume in c c 
I small div =3 c c 
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portion see De, Prac-Phystcs fig xgy The 



larger 


angle 


of incidence lire deviation wyl 


1 For the practical 
nature of the graph is 
shown in the adjoining 
figure, where Y-axis 
represents the devia- 
tions corresponding to 
the angles of incidence 
represented along the 
X-axis The graph 
shows that the deviation 
has a minimum laluc 
for a certain angle of 
incidence marked by art 
arrow in the figure 
For any smaller and 
be greater 

I 

2 With the apparatus supplied we can arrange a Rumford’s 
Photometer The pencil, held vertically in front of the board on 
\Oiich the sheet of white paper is gummed, can serve for the rod 
Two shadows of the rod will bccaStonthe board due to the two 
lamps in front 

Adjust the distances of the lamps so that the two shadows 
appear to be equally dark, this occurs when the intensity of 
illumination on the screen due to each luminous source is the 
same. Next See De, Prac Phystes, Page i ^6 \ 

In the example, the squares of the distances must be' 
portional to the candle powers 

1 e = 7a 

40 

or 633 


pro 


For production of a pure spectrum see De, Prac Physics 
page 192 For discussion on the punty of the spectrum so ob- 
tained, see Glacebrook-Heat page i 86 , Art iij. 

For the second part of the question — 

(a) In this case 'only a bnght yellow light is seen' This 
occurs in the yellow part of the spectrum of while light ‘ 

(fi) In this case bnght lines, charactenstic ’ of Hydrogen 
are observed Two arc very prominent, one occurring in the red 
j another in the green part of the solar spectrum A. 
tlard line, fainter than the other t^\o, is also seen in the blue part 
of the spectrum - 
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4 (a) The case is that of an object lying within the focal 
gth of a convex lens 

Draw a figure after Jig pf, Glaeebrool, Light, page 124, 
.mg AF = 2 in and AQ=i in , 

The image is virtual, erect and is formed on the same 
e of the object (* c , a is positive^ 

Show by actual measurtem^nt, from the diagram you have 
iwn, that the image distance^z in from the lens 

(i) This IS the case of an object lying beyond twice the 
al length of the lens Draw a figure after fig 94, Glatse- 
'ok — Light, page igj 

The image is real, inverted and smaller than the object 
Dw from your diagram that the image is formed at a dis- 
ce —3 in from the lens 1 

5 For Ohm’s law, see Poyser Page 204 Note that the law of 
) im IS not only true for the whole circuit but also for a part of the 

niit Thus, if| e represents the difference of potential between 
two ends of a conductor of resistance r, we havejC^e/r 

For'^the answer to the second p^rt of the question see Oe' 
actical Physics, Page 268, Method I or II A diagram of the 
-angement should be given 

6 Suppose' A has a charge+9 Bnng B near to \ and touch 
former fOr a moment , of the charges induced in B, the 

rt+9 passes to the earth and— 9 remains on it Now bnng B in- 
e C and let B and C touch each other , then B is discharged 
iile the charge — q resides on C By repeating the above process 
y multiple of the charge on A may be given to C '■ 

7 It can be proved theoretically that when a'small magnetic 
edle, suspended honzontally, is made to swing under a magnetic 
-ce, ji 

the force ^ 

< 2* I 

lere T is the penod of'oscillation of the neele 

First, let the needle oscillate under the earth's honzontal 
Id H ObseiVe with a ^stop-watch the ,time taken by the 
‘ edle to complet some 50"^ oscillations , hence find T, the time 
one osiliation ^ We have , 



‘ Now place the long, magnetised rod of steel to the north of 
e needle \Mth‘ its axis in line with that of the swinging needle 
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-atid wth its S-seeking' pole pointing" towards the and at 

a distance d from it, so that it helps the Earth’s field in bringing 
the needle back to the magnetic mendian, when it is displaced 
from that position Determine the new period of oscillation 
as before ^We have 

Increase the distance to rf, and find again the new penod 
of oscillation AVe have 


From the above, elimmahng H, \\c get 



Again, on substituting the numencal "value of T, Ti and T, 
it IS found that the right-hand expression is equal to (d-/di)" 


A 

■^8 

In other words, the law of Inverse Squares is true 

8 Support b} clamps the platindm foil on one side and a thin 
copper sheet on the other within the beaker Pour a quantity of 
dilute sulphuric acid in it Connect the sheet by insulated copper 
wires to the two poles of the bitten formed of i^vo or three Danish 
cells in senes, the platinum being the anode Draw a diagram 
{See fig, 232 Poyscr, Page 263) 

When a current decomposes an electrolyte, it performs a 
certain quantity of work , this work is expended in decom- 
posing the electrolyte and in opposing the tendency of the liberated 
ions to recombine 

The liberated 10ns sot up a current within the electrolytic 
cell in a direction opposite to that of the current irom the cell 
It has been calculated that the electro-motive force of this oppos- 
ing current is 1 49 \ oils' in the case of electrolysis of water 
which IS really the case here 

The E M of a Dam ell cell is also calculated from the 
consideration of the energy due to the chemical action going on 
I'n the cell , this has been calculated to be r 129 volts 

From the above jesult we learn that the E M F of a single 
Daniel] cell is insuffiaent to decompose water 
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In practice, the cell would first send a current through the 
electrolyte but the current soon ,drops dou'n and electrol3'tic 
action ceases 

‘With two or three cells the electrolytic action would con- 
tinue to go on, for the JE if F of the electrolysing' current is 
2x1 129 or 3x1 129 which IS higher than 1 49 volts (See 
Payser, page 226 ) 

N B — ^This IS not a fair question for an Intermediate Paper 
Further the question is ambiguous 

9 When an clectnc machine is worked, small, straight sparks 
are seen to pass in quick succession between the discharging balls 
when these are close to each other As the distance between the balls 
IS increased, the sparks diminish in frequency, become elongated 
and zig-zag I in appearance When the distance is still further 
increased, the sparks cease to occur altogether 

By placing a capacity in parallel with the spark-gap a 
bigger charge will be necessary for the potential to be raised suffi- 
ciently high for the discharge Hence the charge accumulates _ 
before thef discharge takes place the discharge spark being 
much more powerful than in an ordinary case 

The mechanical process involved in the passage of the spark, 
may be stated thus the tendency of the two opposite charges 
to recombine increases with their potential difference and when 
1 1 becomes so great that the air, which is an insulator, can no 
longer resist their combination, the insulation is broken through 
and a spark passes which tends to -equalise the potenbal 

10 This quesbon is similar to Q, 7, above, only the magnetised 
rod of steel is here substituted for the straight wire, 4 metres long 

The wire is placed vertically and the magnetic needle is 
placed at varying distance d-^, d„ etc frohi it on,its east side 
rhen as before we have ” 



The nght hand Side, however, is practically shown to be equal 
to dg/dj 


dj 

»' e the strength of the magneuc field 
off as the distance from the wire increases 




h J 

due to‘ the current falls 
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”1 Dr D N Mullick 
Papcrteturs I Mr C W Peake 
j Mr R S Trivedi 

On'y SE\ EV questions are to be attcmpteit 
GroijP a 

1 State the principle of consenration of enei^j’ and 
give an illustration 

A railtt-ij tram is moving aitli uniform speed {a) 
on a level country, (i) up-hill Explain how the energy 
supplied by burning coal in the engine is being expen 
^ ded in the tivo cases 

2 Desenbe expenments to show that water everts 
pressure in all directions 

A plate ro metres square is placed honzontally 
I metre below the surface of w'ater, when the height 
of the mercury in barometer is 760 millimetres What 
Will be the total pressure on the plate 7 (The densitj 
of mercury =x3 6) 

3 If jou were given a piece of wood cut in the fonn 

of a cube how would you verj roughly determine its;^ 
specific gravity without using a balance ? ' 

A Nicholson’s hydrometer weighs 200 grammes' 
and requires 50 grammes m the upper pan to sink it 
to the fixed mark , what weight must be added to or 
subtracted from the weights in the upper pan to bnng 
It to the fixed mark, when it is placed in a liquid of 
specific gravity 12? , 

4 State Boyle’s law and desenbe expenments 
made to \ enfy it 

A faulty barometer contains some 'air which occu- 
pies ro c c If It stands at 740 mm , when a true 


Conscriation 
of Energy 
12 - 1-4 
13-I-1 


Pressure^ rn. 
a liquid ' 
r 4 - 1 2 


Sp Gr 

\vithout a 
balance 


Boyle’s Law 

13-1*4. 

iS-I-4 
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Graph 
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Spi ht of a 

SubAance 

iS'I-6 


Vapour 
Tension ^ 


barometer indicites a pressure of 750 ram , find the 
volume, the air will occupy at the standard pressure 
760 mm 

5 The mean coefficient of expansion of mercury 
between o®C, and <“C is a and the following table 
gives corresponding values of a and t , 


i 

a 

0 

o«ooi8i79 

100 

0 00018216, 

150 ' 

0-00018261 

200 

0 00018323 

250 - 

0 00018403 

300 

0 00018500 


Plot a curve to illustrate the relation between a 
and t and find from your curve the value of a at zzo^C 

6 Indicate what goes on in the body emitting a 
musical note and the medium which transmits it 

You are given a tall 3ar, the requisite quantity of 
water, and a tuning-fork Descnbe how you will find 
the vibrahon frequenty of the tuning fork 

Group B ' 

7 What do you mean by the specific heat of a 

substance * - — 

A lump of platinum weighing one hundred gram- 
mes is heated m a flame until its temperature 
has reached that of the flame It is then removed and 
dropped quickly in to a calorimeter which has a water 
equivalent of 5 grammes and contains 495 grammes 
of water If the temperature of the water nses from 
to 30*0 , find the temperature of the flame (The 
Specific heat of platinum is 0365) 

8 What do you mean by the expression vapour 
tension 

Three barometer tubes are filled with mercury and 
their open ends plunged into a vessel of mercury m 
the usual way Into the vacuum of one a little air is 
introduced, and into that of the other a few drops of 
^Yhat will be the effect in each case on the 
height of the mercury of plunging the three tubes fur- 
ther into the cistern ? Give idasons for your answer 

9 What IS the cause of the cooling effect produced 
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in a room, when a grass ( Ihus Ihus ) screen moistened 
with water is placed in front of the door 

Steam at lOo'C is allowed to pass into a vessel Lt heat of 
containing 10 grammes of ice and 100 grammes of Steam 
>ater at o'C unul all the ice is melted and the temp 
IS raised to 5“C ' Neglecting the water equivalent of 
the vessel and the loss due to radiation, etc , calculate 
how’ much steam is condensed (The 1 tent heat of 
9^eam=536, and the latent heat ef water=»8o ) 


SECOND PAPER 

Only SEVEN gnesitons are to be ans-wered vihtch must 
include either question 1 or qMstton 2 of Group A 
and question 1 of Group B 

Group A 

I Describe tvith full experimental details a 
method of determining the focal length of a convex 
lens 

Solve the following problem by drawing a diagram 
to a scale with the help of the squared paper provided 
An object, 6 centimetres high, is placed at a distance 
of 40 rentimetres from a thin convex lens and an 
image is formed on, the other side of the lens, the 
height of the image being 4 centimetres Find the 
focal length of the lens approximately 

z Explain the formation of images by a concave' 
mirror 

An object, height 5 centimetres, is placed at a dis- 
tance of 40 centimetres from the surface of a concave 
mirror ( measured along the axis of the mirror ) whose 
radius of curvature is 20 centimetres Find the posi- 
tion and the size of the image, vnthout calculation, as 
in the preceding problem 

3 Why do opapuc objects appear coloured ? 
Why docs a mixture of ordinary blue and yellow pig- 
ment appear green 1 How would you make a stick of 
red seailing wax appear black ? 

4 You are given a slit, a convex lens, a screen, 
and a pnsm show how you would arrange these to 
obtain a pure spectrum Explain how it is that the 
spectrnm is not pure when the lens is not used 




Focal length 
of a convex 
lens 


Images bj 
Concave mir- 


ror 

13 3 


Colour 
’09 II 2 


Pure spec- 
trum 
‘10 II 3 
’13 II 2 
'14 II 4 
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Group B 


Electro 
static Indue 
tion 


Constant 

Cell 

14 II 7 


Ohm’s Law 
10 II S 


Electro 
Mag Indue* 
tion 

09 II S 

13 II 10 

14 II 9 


1 A mc^ai globe (insulated) is eh arged with posi- 
tive clectncity (a) Another insulated metal globe 
Without any charge is placed near it {&) The latter 
globe IS momentanly connected with the earth (c) 
Both afe then enclosed in an insulated case ( d) The 
case IS connected to earth Explain what wnll happen 
in each case and how you will pcoccd to test your 
conclusions 

/ 

2 Describe any iwo arrangements for maintain- 
ing a steady current of electricity in a given wire 
Explain the two cases What becomes of the energy as 
It contiucs to flow 7 

3 State Ohm’s Law , 

A battery of ten cells, joined m senes, yield a 
current of i ampere wnen the external resistance is ro 
ohms, and a current of 6 ampere whdn the external 
resistance is ' 20 ohms Find the E M F and the in- 
ternal risistancc of one of the cells, (these being the 
same for all ) 

4 You arc provided with a suitable voltaic cell , a 
suitable galvanometer , a soft iron rod , and two 
pieces of wire, oije of considerable length and the 
other short Exaplain, with the help of a diagram, how 
you would arrange to demonstrate the production of 
induced currents 


5 A small magnet movable about a vertical 
axis, IS placed at the centre of a circular coil lying in 
the plane of tfie magnetic mendian {a) At first no 
Actibn of current passes (b) A current is passed, (e) The 
Current on numbers of turns in the coil is increased, the current 
Galv nccdie being unchanged in strength (d) The coil is slowly 
rotated about the vertic^ diameter Explain what 
happens in all these cases 

How to mag,^ { , 

netise , 6 Desenbe the vanous ways of magnebzing a 

13 n 9 piece of soft iron How would you trace the lines of 

Lines of ^orce force in the neighbourhood of a bar-magnet 1 Indicate 
of a magnet how the shape of the lines you get depends on the 
^ 14 11 8 earth’s magnehsm. 
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ANSWERS. 

FIRST PAPER— 1911. 

I When energy is lost or expended doing work, an equa^ 
amount of energj' is gained or produced as the equivalent of the 
work done Thus a body, or a system of bodies, may lose energy 
in one form, and gain an equal amount of energy in some other 
form, or a body, or a system of bodies, may 'lose energy bv 
doing work on some other body or system of bodies, which thus 
gains an equal amount of energy as the equivalent of the work 
done on it \ 

JVhen a quantity of energy' is lost or expended in this 
-way in one form, and is gamed or produced in some other 
form, It IS said to be /; ansfoi med, or to undergo iransforma- 
tton, ,bjt whatever the nature of the transformation may'' be, 
the quantity' of energy produced is always equal to the quantity 
expended or lost ’ 

' Thus, ,T\hen a body falls freely' through any distance it^ 
lose.s an ^ount oj gravitational potential energy equal to the ' 
work dond by' the weight of the body during the Tall, and 
^ gains an amount of kinetic energy also equal to the work done 
by the weight , jhat is,- the body loses a quantity of gravita- 
tional potential energy, and gains an exactly 'fequal quantity 
of kinetic energy 

Similarly, in The case of the bob of a simple pendulum in 
vibration the bob loses gravitational potential energy, and 
gains kinetic energy in falling, and it loses kinetic energy 
and gains .gravitational potential energy in rising In moving 
over any portion of its path, however, the energy lost in one 
form IS exactly equal to the energy gained in the other form 
each being equal to the work done by' or against the w'eight 
of the bob The vibration energy of the bob thus remains 
constant, but is subject to penodic transformation from poten- 
tial energy to kinetic energy and from kinetic energy to 
potential energy , 

In the same way when a body' in falling raises another 
body, the potential energy lost by the falling body is equal 
to .^the potential energy gained by the body raised, 'together 
with the kinetic energy gained by the two bodies The total 
energy fii the two bodies considered as one system thus 
remains constant 
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This IS the pnnciple known as the principle of Conservaiton. 
of Energy Maxwell states this principle in the following 
from , — 

The total energy of any material system can neither he 
increased nor diminished by any action between the parts of the 
system, though it may be -transformed into any of the forms of 
which energy is susceptible {See De's Gen Physics Art 96) 

(a) When the tram is moving on a level country w'lth uniform 
speed the energy derived from the burning of the coal in the 
engine is spent up in overcoming the forces of fnction which opposes 
the motion of the tram This energy is equal to the work done 
by the engine 

(i) In this case over and above that mentioned in case (a) a 
portion of the energy supplied by the burning coal is expended m 
taking the tram ufj hill against the attraction due to gravity' 

2 See De’s General Physics Art 124 

Pressure per umt area on the plate 

==atmos press + press due to too ems height of water 
= press duo to 76x/3 6cms ht of water + that due to 100 
ems ht of ivater 

= press due to (76x136+100) or 1133 6 ems ht of water 
=weight of 1133 6 c c of water=il33 6 gms 

And area of the pl3te= 10 x loo x 10 x 100 sq ems =10® sq ems 
the total pressure on the plate = to® x 1133 6 gms 

I = t [33 6 x 981 X 10® dynes 

3 To determine the density of the body very roughly and 
without using 1 balance, we may just float the cube of wood ms 
water and measure the part of it that floats out of water 

I 

Let /*= length of the cube 

and /*=lengthof the side of the cube out-side itater 

The vol of displaced water = I- (I— P) c c , 

, wt ” ” ” — I ) gms , which must 

be the w’eight of the cube- 
^ itk mass l~{l — l'^) I — It 

Its volume ~ I 


density of cube 
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In the example given, — 

wt of water displaced = 200 -{-50 =250 gms 

, liquid „ =200+'Wgms, say 

_ , , wt of liquid 

But sp gr ol liquid ^ = 


Or 


I 2 = 


Wt of equal vol of water 
200+W 
250 


Whence W=ioogfms 

Therefore, further wt to be added on the pan =50 gms 
4 For the statement and verification of Boyle's Law see De's 
General Physics — Art 16S '' 

The example given may be taken in two senses The first 
one is that the volume of air m the faulty barometer is wanted 
when the true barometer reads 760 mm In the second one, the 
vol of l;lie air at a press of 760 mm simply is w’anted 

In the first case, 


Vol of air enclosed in the faulty barometer » 10 c c 
Its pressure = (75 — 74) or i crfi height of mercury 

When the true barometer reads 76 cms the mercury level in 
the faulty one will rise, say, through * cms Let <<.' be the 
cross-section of the faulty barometer tube 

Then altered vol of air=(io— ;i:ot) c c 

And the new pressure = {76— (74-f-»)} =(2 —x) cm height 


Applying Boyles’ Law, we get, 
PV=^P’V' 


of mercury 


or lox l=(2— r) (lo-roC) 

In this case, no definite solution can be arrived at without the 
value of oc 

In the second case, .. 

/’=press, due to 1 cm height of mercury 
‘ F’^io c c 
P-i =76 cms of mercury 

r,- ioxi_ 

~~jQ — 132 cc approx 
t 5 In the Graph drawn on the other page. 
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X-a^^s represents temperature in C 

I smill div along it= io“C 

and Y-a\is represents co-efft of expansion of mercury 
I small div along it =0 00000020 




t 


V 300 


JS 

6 000I8UP 








EE? 




SEE 


X 


T 1 1 T 1 I A T. 


SSSSS^t 


S.CO 300 

Ihe xaluc of <<, it 20o®C Iroin tlie giaph is 0018355 


6 A body emitting a musical note is in a state of regular 
vibration, the vibrations being rapidly executed For a note to 
be audible its no of vibrations per sec must be between the limits 
of audibility For the nature of vibrations of sonorous bodies, sec 
2 ?e's Sound Art 5 ' 


In the medium round the vibrating source of sound the 
vibrations of the body give 'rise to longitudinal waves consisting 
of alternate layers of condensation and rarefactions which travel out 
1 n all directions See De — Sound, Art 7 


To find the frequency 'of the given fork proceed *is 11101^35 
De — Sotmd and then see art 75 

7 For specific heat see Gfaaeiiooife, Art ^4 

Heat lost by Platinum — massNsp ht» x fall of temp 
= 100 X o 0365 X {f — 30”) 

t being the temp of the flame 
=3 65 — 30) calones 

Heat gained by cal etc=(495+s) (30® — 22®) 

•=4000 calories' 

And Heat lost by Platinum=Heat gained by calonmeter 
* « 3 65 (i— 3o®J=40oo 

Whence # = i2i6®C app 




AKSWEPS FIRST PAPER, — igil 


I3S . ' 


8 Vapours like gases, exert pressure on all sides of the 
vessels in which the} are contained This pressure is called the 
vapour tension This is different for different vapours For 
the s-ime vapour the tension vanes w rth temperature in general 
hor the same temperature the tension of a vapour increases with 
the quantit} of vapour formed but can not be greater than a value 
which IS consant for the temperature This is then known as the 
saturation pressure of ihe vapour for that temperature 


The behaMour of the three tubes will be as follows — ^ 

In the beginning, the height of mercurv column in each tube is, 
of course, such as to indicate the atmosphenc pressure Saj, it is 
76 cm , the space above it being a vacuum 

When the first tube, which is allowed to remain a true baro- 
meter, IS pushed down in o the cistern, mercun column would be 
unaffected until the top of the tube comes to touch it Then as 
the tube IS further lowered, the mercui^ column would be obli^’ed 
to come down, exerting all along an upward pressure, agamst 
the closed top of the tube, which gnduall} increases and is always 
equal to the height of the column m a true barometer minus the 
reduced height of the mercur) column n the tube 


In the second tube which contains air above the mercury level, 
r ^ begin \vitli is less than in a. true barometer As 

mcTObe IS lowered the volume of the air diminisnes according- to 
Bo}Ie s La\ ( j e PV=constant, temperature remaining the 
same ), the pressure exerted on the air being always equal to the 
atmos pressure minus the pressure of the reduced mercury column 


As the third lube, in which a few drops of water have been in 
traduced and immediatel} converted into vapour, is lowered 
the vapour viil beha\e like the air in the second case so long as 
It IS unsaturated When with the gradual diminution of volume 
the spare containing the vapour becomes saturat^, the vapour 
tension will attain its maximun value at the temperature at the 
ume of the experiment which is constant and may be obtained 
from the difference of atmospnenc pressure and the press of the 
reducM mercury column in the tube As the tube is still further 
lowered, water-vapour is condensed, the mercur} column remain- 
ing at the same height until all the xapour is converted into 

mercury and water wnll descend 
together with the tube, the pressure against the top of the tube 
increasing as m the first case - ^ ic luuc 


1 ? / “nit mass _of water ansorbs a quantity of 

latent hsat of vaporisation) from ^ the 
surrounding air which thus becomes cooled So to keep a room 
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cool '> kh IS khus screen moistened ^Mth water ts hung up tn front 
of the door or window ^ 

In the example given — 

Heat gn cn out b\ 

(0 7M gms of steam at toqOC in condensing to water 
at ioo®C •= n X ssb 
(2) »n gms of water at ioo®C in cooling to 
5°C = m (100— 5)=» x9t 

Heat gained b\ 

(i1 10 gms of ice at o® to melt into 10 gms of water 
at oOC= 10 X So 1 units 
(2) 110 gms of water at o® to be raised to 
50C «= 110x5 

Npw heat given out — heat •'bsorbed 
(fS^+QS)” ^ Sol +550 

or 631 » «- last 

whence »i *= 2 14 gms 

SECOND PAPER -1911 

I For the capcnmcnlal determination of the focal Icrglh of 
a contev lens sec D>.'-Prac Ptnstes p ii'f5 ( CNplain the bV 
method } 

Draw a figure after _/ 7 g (J4 G^azebrook — Ltzki avheri let AQ 
represent to cm DrawPOr^O cm Cut off AM from AC such 
that AM— 4 cm Through M draw ISIP, a line parallel to the 
principal axis of the lens 

No\ cirav the icrlral ra\ PA which we I now would pas'- 
through the thin tows without being deviated in its cou-sc Let 
thisrai meet MP at p Draw pj ptrp to tin. axis } nduitli pq is 
the image unuer tin, gixcn condition® 

Next take a raj from P parallel to tin prmtipal axis U meets 
the Ic"*" a* R On parsing through the Icrs tlie rat is df Mated to 
the pnncipal focus F ofthelcni and will then uiclI the central 
rax at p X hirh is tl c mage of tl e point P So jomi RP 

Tlicn the n*cr®c'“tion of Rp ard A, 7 is F 

Mearurt Af' oa t'n, same sca’eea which AO — 40 ems 

'’nd ®hf)w tha* Al” - ifi i ms 

f lor 'he formaiion of image® bx coneaxe mirror «cc Ajrf 

*■ 
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it 

threid, share the charge of the proof plane, the pith ball 'Will be 
repelled when taken near the furthest end of the second globe, thus 
proAHog that the charge on this is postive On the other hand it 
will be attracted by the other end of the second globe, where the indu- 
ced charge is a negative one 

{h) On the second globe being momcntanly connected with the 
earth, the induced positive charge escapes to the earth 

(c) According to the pnnciple of induction, each of the inducM 
charges is equal to the inducing charge, provided the charged body 
IS \\ell i\ithin the other, so that all the lines of force starting from the 
former end at the latter In this case the induced negative charge 
remaining on the second globe is slightly smaller than the inducing 
positive charge Thus a few lines of force, may end at the insulated 
metal base, thus making it slight!} negatively charged, if at all, to be 
tested by putting it in connection with a galvanoscopc 


(d) On the case being connected to the earth leaves of the gold- 
leaf electroscope will collapse if they had diverged at all in (c) 

2 Fully desenbe a Daniell and a Bunsen cell giving the desenp 
tion of parts and'ehemical action going on in each cell 

The energy is dissipated by the heating' of the wire 

3 For Ohm's Law See part I of this book , 


In the example given — 


If £ be the E M F of each cell and 1 its internal resistance. 


We have C 

also o 6 

Whence r«=o 5 and 


^ IQ E 
~ lor+io 
_ IQ E 
~ ior+20 
£■=15 volts, 


4. It IS to be assumed that the two pieces of wire given are in- 
sulated ^Wind the shorter piece of wire' round the soft iron rod and 
connect Its ends to the terminals of the cell Convert the longer wire 
into a coil such that the soft iron rod with the coil round may go- 
inside and connect its terminals to the galvanometer Now proceed 
as in Poyser, pa^e sSg Sum up your answer by giving the table 
in Pi.gff 2S6 


5 (u) Tne magnet will point north and south, lying m 

magnetic mendian 
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Mr C W PrAKC 
Mr R S Trivedi. 

Only — seven quesUom are to be attempted All questions are ^ 
of equal value 


Gnph 


Lans of 
Pendulum 
13 1 3 
il 1-2 


Archiincde*!' 
Principle 
H 1-3 


I 

Transtormi 
tion ofcncrgj 

II 1 1 
13 1 I 


Gas Laus 
Co cfft of 
c\p at cons> 
^ant wlume 


1 Draw a curve, on tha squired paper supplied 
to indicite the height above ground, at inteh^als of 
lialf 1 second, of 1 body falling freely from rest at a 
height of 150 ft Find from your graph the position 
of the particle after t 67 seconds 

2 State the laws of oscillation of a simple pendu- 
lum Find the length of a simple seconds pendulum 
It a place w'here g’ IS 981 

When a bill suspended by a string is made into a 
'seconds pendulum,’ docs the actual length of its string 
equal the length of the equivalent simple pendulum f 
I f not, wh3' ? 

3 State Archimedes' Principle, and evplain how 
it may be used to distinguish a metal from its alloy 

I litre of hydrogen and a litre of air weigh about o 9 
gramme and 1 3 grammes rcspectiv ely' at a certain 
temperature (t) and prc*'surc (p) What will be the 
capacity of a balloon weighing 10 hilogrammis, which 
just, floats when filled with fijdrogen having the same 
pressure (p) and the same temperature (t) as the air ? 

4 It is said that most forms of terrestrial energy 
are derived ultimately from the sun Eaplain the 
meaning of the stateJnent, and discuss its truth with 
special reference to the energy of combustion of 
charcoal and of coal gas, and the kinetic energy of a 
running stream t 

5 State concisely the relations between the volume, 
pressure' and temperature of a 'gas, Describe an 
experiment to prbvc thp relation between pressure 
and temperature w'hen the volume is constant 
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What volume does a gramme of carbonic acid gas 
occupy at a temperature 77°C and half the standard 
pressure ? (i c c of carbonic acid gas weighs 0019 
gramme at o°C and standard pressure) 

6 What IS meant by the statement that the latent 
heat of fusion of icc is So ? 

A litre of hot water is poured into a hole in a block 
of ice ?t o°C I which is immediately closed by a hd of 
ice After a time the hole is found to contain a litre 
and a half of ice-cold water What was the original 
temperature of the w ater ? 

7 Discuss as fully as jou can the grounds on 
which we conclude that 'radiant heat’ is but 'invisible 
light 

8 Slate the law connecting the relocity of sound 
through a gas with its density Compare the velo- 
cities of sound in h3drogen and oxjgen under similar 
condibons Compare further the lengths of two organ 
pipes fllled with these ti\o gases when they give the 
^same musical note (Density of oxygen is sixteen 

times that of hydrogen ) 

0 D.stinguish clearlj' between the loudness and 
the pitch of a musical note On "jvhat phjsical toa- 
ditions of the sounding bod} do they respectively 
depend ? 

A Vibrating tuning fork is held near the mouth 
of a tube closed at one end The tube is found to 
‘speak ’ Explain why this happens Assuming the 
velocity of sound in air to be 320 metres per second 
and the length of the tube to be 32 cm , w hat will be 
the time of oscillation of the fork ? 


Lt Ht of 
fusion 

12- I-S 

13- l'S 


Radiant heat 


Vel of Sound 
in a gas. 


'Loudness 
09 I-17 
Pitch 
14-IS 

Pitch by 
Resonance, 
og 1 6 
ii-I 6 

14-1 9 » 
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Only SEVEN q 7 iesttons are to be attempted All q'lestions are 
of eqttal value f 

I State the laws of refraction of light Explain Laws of _ 
how they are expenmentall}’ verified Deduce from Refraction 
thrae laws the condition of total internal reflection 14-II-1 
or light Desenbe some phenomena depending on total Total mt 
reflection reflechon 
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rnm of 
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■ 

du o' 
ni 


S It IIS 


> Oj»t 

-3 

'topi 


o’i’ntit. 

ion 


< =E/R, 
of n 


tic 

“ctro 

nduc 


2 ^ broid b£.,*itn of 'iinliflit tlimuirli one 

fnre of 1 jjhss prtMii, the pn^'-m litinj; held prrpcndi* 
rulirh ;o the ik.nm, •Jml js throsvn on t white screen 
ntstnhi IS iLcurittU ' IS >on < nn, the. jppenrnnce cf 
ihf paltli of lipfit on tlic Tn cn ^nd niso jts move- 
nn.nt‘ is the pnfin is rolUcd round «s i^cls Tnee 
tliL pull of tn> one of the n\s intident on llic prpin 

t \«oiuc\lcns of ford lenffth )0 (in umidctn 
ijiproirli t io<l of tciiRiii s nn plircd pcrpcndicuhrjy 
to the ,iMs of iht Itni. Stow t>\ inems of t>}i)cil 
ilin'ram* dnvn to sc-’h (on thetqiitrttt piptr pro 
Mifid), the eh inqts in the tiiinre iiid ihf *iri of the 
imiRi 

( Gite n brief <It *Triptif>n of {/»! ilie n'lronomiCAl 
tele 'Opt. "tiid (Af I rompoimd microscope, sliowmt; 
by 1 <=keteli how it t imRe is fomitd in cirh eisf 

5 two plnies id,/?; of hri's nr* '^upporicd on 
fthss h-indtcs nnd pinred fn iiir etch o her 0:) one 
of the plitts ( 4 ) Ueinjr comicrted to n frntionii 
in ichtnc' ind the other )/f) to i gold leaf « tee tro.eupcj 
the nil' him is uorkid for some lime (A) Tin pt ,te 
.1 IS tRseonnt e»ed from tlit mu lime ind 0) it is 
inoM d He irer thf other, (ii) n ptite of ghss is inter 
posed hitwiin llitm fr) llie ptnlc 1 being div 
»onnertt*d from the imchine tlic plate B ib momcn- 
tnrilj lonnccted to the earth and ll.en (5) the plate 
d IS inoted nearir to /f (n) n pliie of glass is inter- 
posed between them I-iplam what tiappcm. in each 
I ise , 

o find die cfcclromoiive force which will main- 
t till a t urrent of i 5 iinpt res itirnug] a resistance of 
10 ohms 

Rlenlton anj three phenomena winch are associated 
w ith tilt p,assagc of an clcrlric current, and describe 
suitable experiments by winch ihtj c,an be shown 

7 \ bar magnet is divided in the middle and 

the parts arc separated An insulated conductor 
(cylindncaf, with the ends rounded off) is placed in 
front of an electrified ball, with its axis passing 
tliroiigb the centre of the ball, and while in presence 
of the ball the cylinder is dir ided m the middle and 
the further half is removed to a great distance Con- 
trast and explain the state of alTairs in the two c,a«es 
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8 Dcscnbc a simple method of comparing rcsis- Comparison 

tanccs resistance's 

An eleclnc current of 5 amperes is divided into 
three branches, the lengths of the hires in the thrci, 
branches being proportional to i. 2, 3 , find the 
current in each fThc wires arc of the same material 
and cross-section ] 

9 Hov would }ou make m cltctro-magnct ? What Electro 
kind of matcnal is most suitable for its core ? Wh> ? 

15-11 o 

An clcctro-magnct of cjlmdncal form is placed 
watli Its aMS l.oriJ'ontal and perpendicular to 

the magnetic mendinn C is the centre of a small 
magnet, so that C is in AB produced State what 
should be the direction of the current in order that 
the north pole of the needle should be fltflectcd 
tow ards the clcctro-magnct 

10 A toothed wficel is, capable of rotation about Barlow’s 
a horizontal a\is perpendicular to its plane Describe rvjiocl 

in detail an electro-magnetic arrangement for produc- 
ing continuous rotation of the wheel Specify the 
direction of rotation corresponding to the particular 
arrangement joii propose 


ANSWERS. 

FIKST PAPER— 1912. 


I 1 he space tr is ersed b> a bod) in lime f falling from rest 
can be obtained from the formula — 


Taking 32//' fer jcc pi r see, and calculating the distances 
fallen through at the end of cacrv half second, the following table 
has been prepared 
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In the graph 

„ I snnll div along X a\ts = o i see 

II II Y II S 



In 167 seconds, the required height nbo'vc the ground, from 
the graph, is 105 ft 

2 For the Hws of oscillation see Do’s Gen P/iy Art S6 For the 

c\amplc See Ex 1 pago t of this booh I he, ideal simple pendulum 
is one m uhich a miss concentrated at one point is suspended 
by a weightless string, the length of tlw. pendulum being measured 
from the point of suspension down to this point In a practical 
ease, as the bob has a certain sire, the length of the equivalent 
simple pendulum is obtained not from the actual length of the 
string but by measuring the length from the point of suspension 
to the centre of gra\ ity of the ball, where the whole mass of the 
ball, may with sufficient accurac}', be supposed to be concentrated 
Art 140 ' 

3 For the statement of Archimedes' principle see Do — Gen Phy 
Art XX 

A metal can be distinguished from its aHoy by applying 
Archimedes’ pnnciple in the following way — " 
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Let the wt of the subslnncc —'i' gms 

Immerse tnebody in ^\atcr Let us \%t in water gms 

Los5 of wt of the bodj, in w-’tcr * =(j-v — Tj) gms 

Vol of^dispHccd wntor -Oi) c c 

and this must also be the ^ol of the bodj 

dcnsit} of the body =» 

If the densit} thus found docs not happen to be the same as in the 
ease of a pure metal, it is then an allot 

In the example, the balloon of xo kg wt is supported b> the 
buojancj of the hvdrogcn which israi3 — oo9=i’2i gms per 
htre 


I 21 X capacity per litre =>io kg =xo x 1000 gms 
Capacit} in litres =8264*46 


4 Directly or indircrtlv thCj sun is the source of ncarl}' all 
the available cncrg\ we possess For our food we arc indebted 
to the sun Vcg« table life depends on sunshine Our fuel — coal 
is due to the. sun’s action which in past time enabled plants to 
decompose the carbonic acid of the air and store up the carbon 
which we xisc The winds and tides, the rainfall which feeds our 
nvtrs and IS, the source of our water power, all depend on solar 
iction Life, as we Know it, would be impossible without the sun 

The cnergj of charcoal which becomes potent on combus- 
Uon, IS again attributed to the sun Charcoal is, as we sec, 
'dented bj the incomplete combustion of wood, the water 
from the latter being dmen out \egctablcs, again h\e and 
grow under the sun , they absorb juices or watery food from 
the ^ earth and get nounshment from the atmosphtre helped by 
^vir * radiation It is the presence of the sun's rays that 
chlorophyll or the green colounng matter m the leaves of plants 
can dec^posc carbon dioxide present in the air and absorb 
carbon Thus solar energy coming from different sources is stored 
up as potential epergv m a piece of wood which when burnt, 
byTg^U ^ die form of energy of heat accompanied 


® product of incomplete combustion of 
K « raised from mines where wood was converted into 
coal being subjected to great pressure for thousands of \ears 

/t/,r,w*^i ^ can be utilised b3’ burning it, is 

aireadj seen, is derived from the sun 
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1st quantities of sea-\vater are being daily evaporated under 
ction of the sun’s rays the vapours so formed, condensing 
clouds m the higher regions of atmosphere This water 
down to the earth in the from of ram, which feeds the 
ig streams, to flow down to the sea, its place of birth 
nergy of the running stream is thus dnved from the poten 
nergy of the clouds, of which again the source is the 
nerg3 (See General Phystc by De Art 95) 

The relation between P and V when T is constant is given 
vle's Law ( See Gen Phystes Art 16S 

e relation between V and T, when P is constant, is given by 
s’ Law ( sec Text-book ) The two laws are combined in the 
a, 

PV P'V' 

— 3 constant, say R, 

/ PV = RT See GlaeebrooL, Heat page loS 

im the above formula the relation between pressure and 
ature of a gas when volume remains unaltered, can be 
d , we have then 

P P’ 

T " T' 

* anes directly as the absolute temperature See Glanebrook 
page 104 for the expenment, to Jie performed with a 
mt Volume Air Thermometer 


In the example given, 

ICC of gas at o'C and 760 mm w eighs o 0019 gm 

I gm of gas occupies ^ p ' o T g ** 3 c c at o'C 

and 760 mm 

. , PV P'V' 

Again we have ~T^ 

« \ 

Here P = 760 mm V=3263 cc and T=273® absolute 
and P'*=38 o mm T'=373+77 = 35o® absolute 

Substituting. 7 ^’^ 52 ^ 3 _ 3 ioxV^ 

273 350 

Whence V' = I349 5 c c 

rhe statement means that the quantity of heat required 
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to melt I gm of ice at 0 ®C to i gm of water at the same tempera- 
ture is^ heat-units j c is such as can raise the temperature of r 
of water through So®C or that of So gms of water through o®C 
This IS called latent because its presence within the 'body is not 
registered b\ the nse of mercur3 level in a thermometer 

In the example given, 

Heat given out bi i litre or 1000 gms of water at T°Cin 
falling to o®C 

= 1000 x(T - cl) calones 

This heat is ubiised in converting a quantity of ice into half a 
litre or 500 gms of water * e the mass of ice melt^ is 500 gms 

Heat taken up b} 500 gms of ice in being converted to 

w ater atjo® =500 x So = 40,000 calones ' 

looo X T=4o,ooo whence T=4 o®C 

7 Herschel found that as he moved a sensitive thermometer 
through the solar spectrum from violet to red, it showed only a 
little nse of temperature in the blue end, a little more in the 
green a large nse in the red end and even for sunie distance 
below the red end t e even in the invisible part of the spectrum, the 
thermometer w as sensiblv heated Since then it has been known 
, that as glass absorbs a greater part of the acre Leaf a 

pnsm of rock salt should be used instead, and the thermometer 
replaced bj a lampblacked thermopile (After this see Glazebrooh, 
Art x6o Experin eni (c) 

In fact, both heat and light waves are due to vibrations in the 
ether ^rang only in frequency or the number of vibrations per 
second (See the excellent remark on this point in G^asebrook 
Lxg‘ i Irt rjj para f/\rd) 


S For the first part of the question see Dc-Sout a Art t8 jr 

For the latter part of the queshon suppose I and li are the 
lengths o- the two organ pipes (say closed) filled with hxdrogen 
and oxygen respectiveh Then from the formula in the case of 
such a p’pe, we have when the pipes are in unison, 


were V ono 
pectively. 




Fj are the velocities of sound in the two gases res- 


V ^16 



1^6 
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the hydrogen pipe must be 4 times as long as the other pipe 
For loudness and pitch of a note sec De' Sound, Art /fj 

The latter part of the question is an instance of Resonance^ 
For explanation see Art 74 De. — Sourd 

In the example given, we have 

V=«X but /=>^4 or \sr,j/ , 

V-4«/ , 


V 



320 X loo 

4x32 


250 


Time for one complete osnllaiion^ 



»o 004 see. 
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r For the laws of refraction see G'asebrooh-Lx^ht Art jty 
For experimental verification see Ganot, Art 5JI 

Condition of total reflection — If a raj of light passes from a 
denser medium into a rarer medium, it is bent awaj from the nor- 
mal, t c ^the angle of refraction tp is greater than the angle of inci- 
dence fp* such that the refractive index of the denser medium 
compared to the first is given by 

Sjn 

As tp increases tp' also increases Let <p attain a value Q when 
the corresponding yalue of <p' is 90® t e, when the refracted ray just 
grazes along the surface of the two media Then 


Sm 90 _ 
bin B 


Sin B 


For any value of ^ greater than 0, no refraction is "possible 
The ray suffers total internal reflection retaining the gVeaterpart 
media wSed *”'^^’"^ the cnhcal an|le for the 
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The mirage is a phenomenon due to total reflection from layers 
of air For figure and explanation see Ganoi, Att ^$6 

For other instances see Glasebrooh Arts 3S (c), 40' (a) 
and (b) * 

2 An impure spectrum is formed on the screen For its descnp- 

tion see Glazebrook Art xori Expt 16 (a) 

' As the pnsm is rotated, the spectrum shifts There is a certain 
position of the pnsm when the deviation of the bnght patch is the 
minimum See Art 107 Expt sg (b) tbtd 

To trace the path of a ray see fig 122 tbid 

3 Here /=io cm Put the object at varying distances from 
the lens ' Draw a diagram m'^each case and taoulate your observa- 
tions mentioning in each case the value of u taken by you and the 
corresponding value of w, and the size of the image you actually 
get V 


r 

Object Dis 


Pos of Image 

Nature of 
Image 

Sire 

of image 

■ 

In iiords | 

' In 
eras 

In words 

In 

eras 

Beyond 2 / and 


bet /and! 


Real in 

» 

Diminished 

.See 

at a great dis 


2/ 


verted 

1= ems 

Glaeebrook 

„ but nearer 





Increases in 

Light fig 94 






Size 


At 2 / 


at -~2f 


II 

Equal in size 







1= ems 

N 

Greater than / 


beyond 


11 

Larger 


but less „ 2 f 


-2/ 

••f 


1 1= ems 

ibid, fig 93 

At F 

lO 

at 00 

- 


Very large 

— 

Bet F and 


beyondF 


virtual 

Larger 

tbtd fig 02 

Lens 




erect 

1= ems 



4 For description of astronomical telescope— See Glasebraok 
Light, Art, g8 


For that of compound microscope See Art toi tbtd You 
are to draw a diagram in each case 
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5 First draw a diagram 

(fl) A becomes charged say, vnth+ve elect This will induce and 
attract-chargc on the side of B nearest to it, while the induced 
free charge will be repelled on the furthest end of B apd will 
diverge the leaves of the electroscope 

(b) (1) As A. IS made to approach B, th^re will be greater 
induction between A and C, as_ some more of the lines of forc6 from 
A would now turn towards B and there will be greater divergence 
of the leaves connected with B , 

(11) As glass IS interposed between the two plates, the inten- 
sity of the field decreases due to a less number of lines of force 
passing through from A to B and the divergence of the leaves 
diminishes 

( c ) The leavgs collapse, the free charge on B passing to the 
earth 

6 We have from Ohm's Law 

E=CR=isxio=i 5 volts 

For the second part of the question — 

The three important phenomena associated with the passage 
of an electric current are due to its ' ^ 

( I ) Heating effect — ^see Poyser Experiments 141-43 
( 2 ) Electrolytic effect — see ” " syS 

( 3 ) Magnetic effect — see ” " S44 

7 A bar-magnet has a N-seeking pole at one end and S-seek- 
ing one at the other When it is divided in the middle, the broken 
ends show polarities such Jthat each broken piece_ is again a com- 
plete magnet with two poles Thus an isolated' magnetic pole can 
never be obtained in practice {See^Poyser, Experiment 11, page •]) 

The charge on the ball induces and attracts a charge of the 
opposite kind to the end of the cylinder nearest to it, while induced 
charge of the same kind is repelled to Ihe other end of the cylinder 
When the 4 ;wo parts of the cylinder are separated, each part contains 
cither all the induced positive^ or all the induced negative charge , 
further, as all points on the surface are at the same potential, there 
would be no flow of charge at the time of separation 

8 See De’ Ptactical Physics page 2jo, Wheatstone bndge 
method of companng resistances Or if a voltmeter to measure 
E M F IS available, put all the resistances in senes with a battery , 
the same current will, of course, pass through every part of the 


"s 
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Circuit As "Ohm’s Law, C—E/R is not only true for the whole 
circuit but for a part of the circuit as, we have 

R) Ra Ra 

where Ei E*, E, etc are the diff of potentials between the 
terminals of the ifiven wires respectively,' measured bj the volt- 
meter and Ri, RoiRg etc, arc their resistances 

Hence Ri R, R^ctc^Ei £„ E3 etc. 

The second part of the question is an example of divided circuit 

Let E be the P D bet the two points when the resistances 
R| Rj, R3 are joined in multiple arc Let Cj, Cj, C3 be the 
currents in the three branches and C the total current=5 amperes 

We hv.c E=Ct Rt^C. R„=C3 R, 


Whence 


R 




C»=Ci+Ca+C3==Ci amperes 

Hence Ct=Tt '""P C8=}§ amp and amp 


9 p 3 il an insulated copper A\arc so as to make a helix round 
oar ot soft iron When a current is allowed to flow through 
the coil, the bar becomes strongly magnetised, the combination 
oeing called an electro-magnet 

Soft iron IS the most suitable material to serve as a core for 
an electro-magnet, as it possesses a great susceptibility and a small 
rctcntivity , in other words, as soon as the current is turned up it 
imniediatcly turns into a powerful magnet and becomes demagne- 
tised just M the current is stopped This is a nccccssity for the 
working of many mslruments, such as Electric bells, Telegraph trans- 
mitters, Ruhmkorfl’s coil etc 


In the second part of the question, the end of the electro-mag-- 

'"“St attract the north pole of the 
3w.so?n?h T^iis happens when the current will seem to flow 
clock-wise in the coil when looked at from the side of the needle 

Barlow’s Wheel, For description and 
diagram see Po^-ser/>fl£^c 242, yfg- sisandGanot page 663 ^ 

The direction of rotation depends upon that of the lines of 
force in the field and the direction of the emrent 
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Ta^er stffers 


} 


Dr J C Bose 
Mr D N Mullick. 
' Mr R S Trivedi 


Only SEVER questions are io be attempted AH questions are 
of equal value 


Conservation 
of Energy 

11- I I 

12- 1 4 
Laws of 
Pend 

IS I>2 

ISl2 


Sp Gr of a 
Solid 
09 1-8 

1S-I3 


Boyle’s Lan 

11-1-4 
iSl I 


Lt heat 
09-11-3 
12-1 s 

To find at 
14 1-7 


1 State the principle ol the conservation of 

energy Illustrate the principle bv taking some simple 
qsamplcs ^ 

2 State the laws of oscillation of a simple pendu- 
lum Deduce the effect of temperature on the penod 
of oscillation of a compound pendulum 

How would you determine the specific gravity 
of a solid 7 

A cubical block of wood of specific gravity of o'7 
floats in water, ]ust completely immersed, when a body 
of unknown, weight is placed on it Find the weight < 
of this body, if the volume of the block of wood is 
TOO c c ■ 

4 State Boyle's law Describe a method, of 
venfying it experimentally 

What volume does a gramme of hj'drogen occupy 
at o'C, when the height of the mercurial barometer is 
750 millimetres ? [ i c c of hydrogen weighs o 000895s 
grammes at o’C and 760 millimetres ] 

5 Explain the mehning of latent heat How 
Avould you determine the latent heat of fusion of ice 7 

Explain the cooling effect of a fan 

6 Describe an experiment to determine the 

co effleient of linear expansion of a metal rod ' 



'first PAPER — I9I3 15^ 

A copper rod is found to be S 0009 5 0018 5 0027 
inetres long at temperatures io®C , 20°C and 30®C 
respectively Find, by means of a graph, its length 
at o®C Determine also the coefhcient of expansion 

7 Explain how aknoii^ledge of the boiling point Barom press 

of Viater would enable us to determine the barometer from boiling 
pressure point 

Into the Tomcellian vacuum of a barohieter water 
is introduced drop by drop till some uater is left over 
From the depression of the mercury column it is possi- - 
ble to determine the temperature of the room How ? 

8 Descnbe a*method of determining the vibration Pitch of a fork 

frequencj of a tuning-fork 15-1-8 

If the frequeney of a tuning-fork is 400 and the 
velocity of sound in air is 320 metres per second, find 
how far sound travels while the fork executes 30 
Tib'ations 

9 A sonometer stnng is stretched with a force of Vibration of 
200 grammes weight (a) The force is increased to stnnv. 

800 grammes (b) The length of the stnng is halVed 
How IS the pitch of the note emitted b} the stnng 
affected in each case ? 

< \ 


SECOND PAPER. 

I 

Only SEVXJf questions are. io be attempted All are of equal value. 


* State the laws of reflection of light How 
-would jou verify them experimentally ? 

PQ IS an incident ray at a plane surface. Ifg'is 
any point on the reflecting plane, show \hat PO+OR 
islessthanPj3'-{-g'7? ^ ^ 

2 Descnbe .an arrangement of apparatus bv 
’Which a solar spectrum may be projected on the screen 

Show, bi memi?of 
tTOical diagrams on the squared paper provided, the 
•changes m the nature and size of the image 


Laws of Re- 
flection 

15 fl'i 


Pure spec- 
trum 

10- II-3 

11- IIA-4 
14-11-4 

Images b> 
Concave 
mirror 
U-llA-2 
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‘ tying 


< eaf 
oscope 


spho 


nsing 

>scope 

1 jar 

I static 
sctro 

1C 


it 


le 

>n 

isa 


iduc. 


4 Explain how a single convex lens may be used 
as a magnifier Trace the path of the ra}s by which 
an object would be seen in such a case 

5 E'cplam the use of a gold leaf electroscope 
How would you charge it by induction ? 

An electrified ball is made to approach an un- 
charged gold-leaf electroscope till it touches 1 the elec- 
troscope Describe and explain the effects observed < 

6 Explain the action of (a) an electrophorus, (i) 
a condensing electroscope, and (c) a Leyden jar In 
charging a Leyden jar the outer coating is (aj insulated 
(i) connected to earth What difference does it 
make ? 

7 Mention any three phenomena associated with 
the passage of (a) ‘frictional’, (6) ‘voltaic’ electricity 
Desenbe suitable expenments by which they can be- 
demonstrated 

S Describe and explain the action of a simple 
form ol tangent galvanometer 

With a single Leclanche's cell and a given circuit 
of a total resistance (including that of the cell and 
galvanometer) of lo ohms 1 get a certain deflection in 
the galvanometer When the cell is changed, 
as well as the' resistance of the circuit, so that the 
deflection is again the same, it is found that the total 
resistance of the circuit (m the second experiment) is 
15 ohms Compare the electromotive forces of tlie 
two cells 

9 What IS magnetic induction? How would you 

dishnguish between q permanent magnet and a mag- 
netic substance? « 

Desenbe as many methods as you can of magne- 
tising a piece of soft iron 

10 Give a bnef account of the principal pheno 
mena of electro-magnetic induction, illustrated by 
typical expenments 
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ANSWERS. 


FIRST PAPER— 1913 


1 See the answer io 0 i — I — tgit 

2 For the four laws of oscillation, see Text-bool 

The period of oscillation of a pendulum at a temp t is ^ven by 

y g y g 

where Iq is the length of the pendulum at o°C and < is the 
linear co-efi of expansion of the penduluni rod 


At o‘>C,To = 



T =ToV(j+f:t) 

Hence the period mcreacs for a nse of temperature Thus, 
when temperature increases, a clock loses and vice versa 

3 Sec Text Bool 

Let the wt of the body=w gms 
and the wt of the blocK = 100 x o 7 =70 gms 
According to the condition of floatation, 
weight of block+that of the body on it 

=upward press due to water displaced by the block. 
^ =wt of 100 c c of water 
or 70— TO=ioogms whence w =30 gms 

4 o 0008958 gm of Hydrogen at N T P occupies i cc 

Substituting 760 X — - =7 CO X Vi 

0000895b 

WTience Vi=»ii3i c c nearly. 

5 For the meaning of Latent heat see De’ Praticat Phvstc- 

P J 
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For the dclermination of Latent Heat, see page 160 tbtd 

A fan IS able to produce a cooling effect in two ways (i) by 
accelerating evaporation from a wet surface (2) by promoting 
ventilation by the speedy removal of hot air and thus producing 
a breeze of fresh cold air '' 

6 For an experiment to determine < of a metal rob, see 
Glasehrook, Art 55 

Let the X axis on a squared paper represent temp, starting from 
tlie zero degree, and the Y-axis, the length in metres 

Plot the given points and connect thein The graph will be a 
straight lino Produce the straight line to meet the Y-axis Then 
the ordinate enclosed between this pojnt and the X axis gives the 
length at o C It will be seen from the graph that this is 5 metres 

Hence is given by 

Change in length 

length at o^Cxnse of temp 

= S ^S - ZT . S .. ,^0 00018 
Sxro 

7 We know that water, in fact any liquid, boils at a tempera- 
ture at which the pressure of its vapour is equal to the supenneum- 
bent pressure So noting the temperature of boiling water at 
any place we are to consult Regnault’s Tab'e of pressure of aqueous 
vapour The pressure at the observed temperature is the required 
atmosphenc pressure 

As water is introduced drop by drop into the Torncellian vacuum, 
more and more water vapour will be’ formed and the mercury level 
will go down more and more w'hen the spac e will be saturated with 
the vapour and the process of vaponsation will stop The pressure 
of the aqueous vapour has now been the maximum pressure at the 
temp of the room, which is constant and is measured by the 
depression of the mercury column Hence, consulting again the 
abo\ e mentioned table we get the room temperature 

8 For the method to determine the frequencies of fork see 
Sound-Chap X Any method may be given, — preferably that of 
resonant column of air See Arts jtf-and 75 

For the example given. 

In the^time of 400 vibrations of the fork te in one sec , sound ^ 
traxels 330 metres 
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Hence in the time of 30 vibrations of the fork vir tn 30/4.00 sec , 
sound will travel /^ffX320=j?4 metres 

9 Let M be the frequency of the note emitted by the string- 
when the stretching- force T =wt of 200 gms 

Now in the case of transverse vibration of a strng the evpre- 
ssion for n is 


n 



where 


/^length of string 
T=tcnsion of stnng in dynes 
m =» mass in gms per unit lengtli 
of stnng 


(ff) 


In the formula gi\cn above let T=8oo gms and »=piirh 



I et «_2 be the pitch of the note when the length is halved 


«, x\U 


So frequency is again doubled te ‘the first higher o-lavc is 
heard 


SECOND PAPER, -1913 

I For the laws of reflection of light sec Glasebrook, Light 
Arts, 33 and so or Gattot Art, 33s 

The latter part of tiie question is on the principle of Least , 
Path in the case of reflection Draw a figure 

Draw PNP' normal to the mirror, and produce RO to meet PP' 
atP JomPQ' 

Then, since PN=P'N, weha\eby geometry, P 0 =aP '0 and 
PQ'«P'Q' ^ 

But P'Q'+Q'R>P'R 

t P > PQ+QR 
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For the production of a solar spectrum, see Glaeebrookt 
it Art, io<j Expt 2g (i) , 

The sun is assumed to consist of an incandescent solid or 
d nucleus, surrounded by -i comparatively cooler envelope m 
h oxygen, hydrogen, iron, calcium etc , are present in the 
of gases or vapours Now, the vapour of an element 
rbs the waves which it would itself emit if it were incandescent 
white light, emitted by the solar nucleus which consists of 
nous vibrations of all Irequencies,' is robbed, in passing through 
solar atmosphere, of those waves which' vibrate in the same 
'ds as the elements there present (See Glasebrool, Light 

X2J) 

Proceed just in the same way as shown in Q 2 — JJ — igrr 
take_^«=8cms andO=4cms here 

um up } our obscrtations in a tabular form (also shown), in 
1 the values of « and / in ems corresponding to the values- 
taken in ems , should be put 

A convex le ns is used as a magnifier when the object looked 
within the focal length of the lens A virtual, erect and mag- 
image appears to be formed on the same side as the object 
'he fig see fig 92 Glasebraoh, Light 

See De Prac Physics, page 229 

' here will be induction on the electroscope due to the presence 
e charged body, the leaves diver ging with the induced charge 
e same kind while the induced charge of the opposite kind 
acted to the top 

'> the charged ball approaches' the electroscope, induction is 
'cr and consequently the divergence of the leaves increases 

hen the ball is made to touch the electroscope the inducing 
e IS neutralised by the induced charge of the opposite kind 
e top of the electroscope, while the induced charge of the same 
' on the leaves spreads over the conducting part of the electros- 
and the surfaces of the balls which are now in contact with 
other In fact, the case has now become a case of conduction, 
he divergence of the leaves is consequently noticed to- 
ish 

(a) See Poyser, page 8 p 

{p) II n It ^34 

(c) ,, ,, ,, r22 

When the Leyden jar is charged with the outer coating" 
ed, the potenbal of the latter is very nearly equal but dight- 
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{y smaller than that of the inner coating , so from the formula Q 
=CV where V js the difi ’ of pot between the two plates, Q, the 
charge imparted to the Leyden jar will be small, for the capacity 
C is constant, depending on the size of the coating and the dis- 
tances between them « 


( A ) When the outer coating is earth-connected its potential falls 
to zero, hence the diff of pot between the two coatings increa- 
ses , therefore the quantity of charge the Leyden jar can receive is 
much greater ' 

7 Frictional electricity does casilj' give rise big sparks by 

means of which a flame can be lighted or gun-powaer burnt The 
mechanical effect of the discharge from a Leyden jar can be demons- 
trated by letting the discharge pass through a thin glass plate when 
the latter is pierced through Again, the physiological effect is well 
demonstrated by the shock experienced when the discharge 
from a Leyden jar takes place through the bod\ ( See Poyset , pase 
132 Expts 98 and 99 ) B 

(fi) For the phenomena associated with the passage of voltaic 
electncity, see the answer to Q 6 — II — /p/a 

8 For the description of Tangent Galvanometer see De’ Ptac 
Physics, page 249 and for the action and formula, see rPoyser pages 
245-47 

In the example given. 

In the first case — 

' E 

< where Ej is the e m f ol the ist cell 


■In the second case — 


C=— where E* 

15 ® 


and cell 


since the deflection is the same in both cases * 

Therefore Ei £3 = 10 15=2 3 

9 For mi^netic induction, see Poyset , page 1 1 

A magnetic substance is one which can be acted upon by a 
magnet and is attracted by either pole of a magnet But a peima 
nent magnet has got fixed polanties and can be attracted by one 
pole and repelled by the other pole of a known magnet when the 
latter is presented to the same end of the former, I 

For the methods of magnetisation see Poyse/-, page 15 

See Pqyse/' Aaj'fl Sum up your conclusion dyab-J 

mg the table given there ^ 





1914. 


FIRST PAPER 

r Pr D N Mullick 

Papir-seiters 3 Mr C W pe/ke / 

( Mr R S Triyboi 

Only SEVEN quesUons art to he attempted All questions are 
equal value 

I Descnbe a spnng-balance 

‘ ing A set of observations taken with a spnng ba]anc& 

nee IS given thus 

Weights in the pans (in grammes ) 

10 20 30 40 50 60 70 go 

Ii\tension (in millimetres ) 

6 13 20 245 305 385 422 55 

By means of a graph, find the (approximate) rela- 
tion between these;,quantities Find the magnitude of 
the weight that will extend the above spnng by 40 
mm 


‘ >s, in 

uid 
2 


* itmedes’ 
ciple 
- 3 


i loration , 


■'g 

r 

' press 


from 
I ' ng Pt 


2 How would you prove experimentally that ja 

liquid exerts pressure in all directions > 

A tall vessel provided with a tap 'at the side, near 
the bottom is filled with water and made to float up 
right ori a thick plate of cork Expam what w'lll 
happen when the top is opened 

3 State Archimedes' principle How would you 

verify it experimentally ? ^ 

A piece of metal of specific gravit} 8 9 weighs 15 8 
grammes in water Find its value ' 

4 Explain the meaning of evaporation and 

ebullition Describe suitable experiments to illustrate 
their meaning ' . 

A flask IS half filled with water and heated till the 
water boils After a short time, -when the upper part 
of the 'flask is filled with steam, it is well corked and 
inverted Cold water is now poured over the flask 
What will happen 7 Why 7 

5 Explain how you are able to determine (aP' 
proximately) the height of a mountain, by finding the 
boiling points of water at its top and bottom 


( 
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6 Explain hovi the specific heat of a solid rtiaj 
be determined 1^ means of the ice calonmeter 

A mass of 500 grammes of copper is heated m an 
oil bath and then placed in an ice-calonmter If 
150 grammes of ice are founo to be melted, find the 
temperature of the oil bath [ Spcahc heat of copper 
=00933 j 

7 Define the coefficients of linear and cubical 
expansion 

A bar 50 cm long is heated from I4®C to gS’C 
of the increase in lengtli is o 7 mm , find the coeffi- 
cient of linear expansion 

S What do 3 ou understand by the pitch of a 
musical note ? ' 

0 Two organ pipes of the same length are gi\en, one 
open, the other closed What should be the relation 
between the pitch of the fundamental notes emitted 
by them 7 

9 You are provided with a vessel containing 
water, a glass tube about 40 cm long, open at both 
ends, and, a tuning-fork vhose frequenc3 is 256 
Explain how, with these, 30U would determine the 
Telocity of sound What expenmcntal result do you 
expect? [The velocity of sound in air is 33280 cm 
per second nearly ] 


159 


Sp ht by 
ICC cal- 
onmeter 


Lin. Co-ff 
of exp 
IS-I-J 4 - 


Pitch 

12-I-9 


Organ 

pipes 

Vel of Sound 
by Resonance 
og-I-6 

11- I-6 

12- I-g 
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Orlj’ SEVEN questions are to be attempted, all of which are 
of equal value 


1 State the laws of refraction of light Explain 
how the3 ma3 be expenmentally verified 

A com placed m a basin is hidden from view by 
the side of the vessel When water is poured into the 
vessel, the coin just comes into view Explain the 
phenomenon by means of a diagram 

2 Show how to find by a geometrical construc- 
tion the position of an image formed by a ( ihm ) 
double convex lens 


Laws of 
Refraction 


Images by 
Conrex lens 
TS-lI -2 


>6o 
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lescope 
^ 11-4 


re 

ectrum 


11 A 4 
11-3 
11-2 


( arging a 
yden lar 
11-6 

ctrostatic 

chine 

116 

' pail 

I V Jt 

Is 


i nstant 
IB 6 


es of 
e of a 
jnet 
IB 6 

action of 
irrent " 
1-6 
I 1 7 

> -7 
Phone 


Find the size of ' the image on the squared paper 
provided, the size of the object < [placed symmetncplly 
with Its centre on the axis ) being 5 cm and its dis- 
tance 30 cm from the lens [ The focal length of the 
lens E3 10 cm ] 

3 Trace the path of the rays in a simple teles- 
cope focussed for a very distant object, the object glass 
and the eye-piece each consisting of a single thin 
double convex lens 

4 Light from an illuminated slit is brought to a 
focus on a screen, after being passed through a double 
convex lens A prism is then placed between the ^ 
lens and the screen What will be the effect? Irace 
the path of the rays 

5 How would you charge (fl)"^an insulated metallic 
conductor, ( 6 ) a Leyden jar by induction ? Describe a 
simple form of electrical machine for producing ‘static’ 
electricity 

6 On an insulating stand is- placed a metal can, 

the outside of w hich is connected to a gold-leaf electro- 
scope • 

A charged metal ball hanging by a silk, thread is 
gradually let down into the vessel, till it rests on the 
bottom Desenbe and explain the effects produced 

7 Describe a constant cell ( any fonn ) > 

A current 01 o 2 ampere passes through~a circuit 
of resistance lo ohms Find the EM F of the cell 
producing the current [ The internal resistance of the 
cell IS negligible ] 

8 Explain how you would trace the lines of force 
in the neighbourhood of a magnet 

9 V^hat IS an 'electric circuit ? Desenbe two me- 

thods by which you could detect the existence, and 
determine the direction of an electric current flowing 
in the circuit ' 

10 Explain the action of a telephone 
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ANSV/ERS. 

FIRST PAPER,— 1914 

1 For the descnptioiKoF a spring balance see Db’s Gen Physics 
art It 

Take a piece of souared papcn let the X a\is represent the 
weight in gms ^and lot the Yfaxis, the eatension in mm Plot 
the points for the gi\ en readings ana draw the mean line through 
them 1 he graph n ill be a straight line 

It will be scon tnat to produce an r\tcnsion of 40 mm a weight, 
of about 64 gms w ill be neressary f 

2 "See Z 7 i,’s Gt.ncra^ Physics art tat 

Thetessd motes awaj' m a direction opposite to that of the 
issuimr ]et — an illiistr man of the lateral pressure in a hquid ( bee 
Gen Physics oy Dt. , Art, 123 ) 

3 For ArchimedLA’ principle and its evpenmental renhcation, 
see Dl's General Physics, art 140 

Let V be theiyol of the body in c c 
Then its vt » vol densitt=8 9xV 
And tv t in water = 89 V— wt of displaced water 
=» (8 9 V —V) gms =153 gnis 
Therefore V=. 15 b/7 9= 2 c c 

4 For evaporation. Sec ifaqe 123 Glasebroak, Heat 

” ” ” Arts, 120 and 122 ,, „ 

For the laVCr part of the question see Art, 121 , 

5 We Know that \atcr (infaa any liquid) boils when the pres- 
sure of Its vapour is equal to the super-mcumb::nt pressure Wc are 
to note the two temperatures at whn ii water bods on the summit of 
a mountain and its base Bj consultinsr Regnault’s tables of pres- 
sure of aqueous vapour at different temperatures we can find the 
pressure of the atmosphere at the two places and hence, their diff- 
erence Vert eomplctc taoles have again been constructed by 
which the difference in lieighr between anj. two places may be 
readily ascertained, if the corresponding difference of pressure be 
known For sma ll elevations,^te_Jiia> assume that- an ascenL of 
900 ft prdducw'a^epreisibn of l in ,111 the barometric height 

~The above comes to an approximation that an ascent of about 
1080 ft produces a lowering of i^C or that of 600 ft produces a 
lowering of i®Fin the boiliong point of water 
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minalion of sp ht of a solid, Black’s methocT 
G'asebroa} , Heat Art 4S, page 44 

temp of the oil bath 

Copper = H-at gained by ice ' 

Copper X I tssp ht X fall of temp < 

^ ca Mass of ice melted x Lt hL 
393-ixtr— o) =150x80 ' 

^ ' J = 257°C appro\ 

n of «ti ijcc G/asebrooL, heat A; t 55 

ij & >1 » II ^3 

le given, w e have the formula 
I' = / {i+atf^'— pi (see pcgen of Hits book, 
on = I'-I = Idff-t) 
m.m = 5oxotx(98— 14) 

— otX 5 oxSt>“ 42 oo><ot 
ct .== o booi6 

of a note, see He — Sound Art 57 

jf the question, the pitch of the fundamental 
1 octave higher than that of the closed pipe of 
e/i;/ 6 g, ibid ) 

, tuoe vertically in'the jar dipping one end in 
le Vibrating fork close to the upper end and ' 
he tube over water until it speaks When the 
tn, the wave-length m air ot the. note is given 
ngth of tile tube over water (See De, Sound, 

I Art 74) 

n of reasonance in the case of vibration of air 
lave = 4. In 

re XI = vel of sound 111 air, ^ 

I = length of the t ibrating air-column 
n — the frequency ol the note 

, 4 X f X 256 
32 4 ems approx 

that in the experiment, maximum resonance 
..ngth of the tube above the water-surface will 
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SECOND PAPER 1914 

1 For the statement of the laws, see G'asebi aok, Art 
For the CNpenmcntal icrification see Ganat Art 551 

For the second part of the question, see Glasebrook Lxglii^ 
Expt g page 50 ~ . 

2 For the geometrical cons'riK'tion for the formation of an 

image b}' a doubli, conVe\ lens, G^azebrjok, Light Ait /4 and J?7 ^ 

Dn.v " figure on the squared paper proaidcd, after fig g4 
Glasebraal Light, where AQ is to reproent 30 ems and Ab 80 
ems on the sam< scale As ihe objeit i» placed S}mmarically fin 
the axis PQ is to represent 2 5 ems not neccssanh on the same 
‘scale Tl iTsem -Icngtii of the imago is givon bv pi on the same 
scale as PQ Tac sue of the 1111 igu v\ til be 2 5 ems 

3 Dcscribf" an astro, lomical telescope, see Giazebrook, Lighij 
page 160 Art gS 

4 A pure spectrum would be obtained For figure and dis- 
cussion, Sec G'azebrook-Light Art iii 

5 (a") The insulated metallic conductor caabe charged either 
b) conduction or by induction In condui tion, this is simply to b# 
put 1 1 cont ut wit.a a ch irg,,d body or an electrical machine 

In indu'’iion chatged body is to be brought near the con- 
ductor riie induced opposite charge is aitracied or bound by the 
inducing charge to that part of the conductor nearest to it, while 
the 1 idu» ed simihr charge is repelled to the furthest end ind passes 
to the earth w'hcn the condu tor is m imcnianl} connected with the 
latter Now remote the conductor away from the charged bodys 
when the opposite charge will no more be bound and will spread 
over the w hole surface of the conductor 

To charge a Leyden ]ar by induction —Draw first a sectional 
figure of a Lejden pr 

Pl;ice the jai on an insulating table, take the charged body 
(say' with +ve electni ityj near the Knob of the jar, it will induce 
— ^ve charge on the knob and +te charge on inner foil The latter 
again induces— ve ch irgc on the inner side of the outer coating and 
+ve charge on the outer side 

On loui'limg marnentarily the outer coating with the hand "the 
free -hve charge on It will pass to the earih ‘On now remoting the 
charging body the two opposite charges on the inner coating 
cannot neutralise as the case has now’ become similar, to a standard 
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r 

ion where the — ve charge on the inner face of the 
maybe regarded as* holding the+\e charge on the 
he inner coating bouhd to it Now, on touching the 
— ^\e clmge will pass to es^th leaving the Leyden jar 
ir charged as in the ordinary way , 

ond part of the question, you may describe, either 
ous ( see Poyser, page 89) or an electnc machine 
\fpss machine; see Poyser 

periment is commonly known as Fat aday's ice pail 
-for full description see De! Prac Physics, pp 226-2S 

je either a Daniell or a Bunsen cell , see book 
nple given — 

re E=CR‘=o a xios=2 volts 

eld about a magnet can be mapped accurately by a 
I needle and roughlj by iron filings ( See De, Practt~ 
ige 20S eic) 

tire path through which a current flows is called an 

on of a current and the determination of its direction 
I by two means, — , 

magnetic effect of-a current, : e by the deflection of 
cdle from the magnetic mendian ( the c\pcriment, 
as the O’ersted c\pcriment see De, Prac Physics 
' 1C direction of the current is given by Ampere’s rule- 

electrolj'tic effect of the current When an electio- 
Dosed by means of a current, the Hydrogen and 
e liberated at the cathode, the electrode connected 
ve plate of the battery ' 

snt pass through between two copper plates dipped 
nate solution, the plate on which a fresh deposit of 
shows that it is a cathode plate (See Poyser 


£ figure and action of 1 Telephone, See Poyser 
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{ Dr D N Mullick 
Mr C W Pfake 
Mr R S Trivedi * 

Onlv SEVEV questions crs to he ittempted All questtons are 
of equal value 


1 State Boyle's Law Describe an evpenipent 
you would perform for lenfyin^ the laiv 

A litre of air weighs r 253 -jrammes at apre-sure 
of 76 cm and temp o®C AVhat will be tne weight 
of a litre of air at the same temperature, when the . 
barometer stands •'t 78 cm ? 

2 Stite the laws of the pendulum 

The following readings were obtained with a 
simple penoulnm — 


Length 

Time of 
oscillation 

Lengtli 

Time of 
oscillation 

20 ems 

45 sec 

80 ems 

04 sec 

30 , 

55 n 

95 . 

9S „ 

42 „ 

^5 5 > 

102 „ 

I 01 „ 

55 » 

74 , 

115 1 

1 07 „ 

70 „ 

®35 » 

130 » 

I 14 91 


Represent bj a graph the relation between length 
and time, and find from your graph the time of 
oscillation of a simple pendulum of length 50 cm ‘ 

3 does a solid appear to weigh less in 
water than air ’ Desenbe a metho'd of determining 
the specific gravity of a solid 

P a wTvi^hs TOO grammes in air and 

00 grarnmes in ivater What would it w eigh in a 
liquid of specific gravity i 5 

4 Define co-efficient of linear expansion 

The length of a copper rod at so'C 13 2 00166 
mefres, and C it is 3 03664 metres Find 

IK length at o C and the coefficient of expansion 
of copper 


Bovle’s law 
n-I-4 ' 

13-I4 


t 


Laws of 
pr ndulum 
12 I 2 
13-1-2 


( 

I 

1 

) 


Sp Gr of 
a Solid 
09 I 8 
13 I 3 ‘ 


Linear Rm 
14-1-6 
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5 Why It IS necessary to take account of tlie 
ressure of a gas m deteririning its coefficient of^ ’■ 

' jbical expansion ? 

200 cc'of air at rs'C, is raised to 65”C 
■ ind the new volume the pressure remaining unch- 
iged - ^ 

6 How would you determine the specific gra- 
ity of a liquid ? 

If 90 grammes of mercury at roo'C be mixed 
ith 100 grammes of water at 2o*C and if the res- 
Iting temperature be'^ ivhat is the specific 
eat of mercury ? 

7 Describe an expenment to show that the 
apour pressure of a liauid exposed to air at its boil- 
ng point is equal to the atmospheiic pressure 

8 Explain wh)', when the handle of a vibrating 
uning fork is pressed against a thin w ooden board, 
be intensity of sound is greatly increased 

Explain a method of detcrminmg the vibration 
requency of a tuning fork i 

9 The velocity of sound in hydrogen is 1296 5 
metres per second What will be the length of a 
closed organ pipe filled with hydrogen which gives 
a note having a vibration frequency' of 512 per 
>econd ? 

'' ’ SECOND PAPER. 

\ 

VEN questions are to he attempted All questions 
' ' line ' j 

1 State the laws ot reflection of light Show 
)y means of a diagram that a man can see the ' 
vhole of his person in a mirror, the length of which 

s half his own height 

2 Show how to find by a geometrical construe- 
ion the position of an image formed by a thin con- 
/exlens 
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An object, 2 m long, is placed ( symmetricalh 
with Its centre on axis ) 8 inches from such a lens 
Find by means of a diagram, the position and the 
length of the image, given that the focal length of 
the lens is 4 inches [Squ ired paper is provided ] 

3 Light from a slit is allo\ ed to fall on ? pn- 
sm State and explain with the help of a diagram 
what will be observed m hen the slit is illuminated 
(i) by a sodium flame, (2) with white light 

4 Describe a compound microscope and trace 

the path of the rays v 

5 Ej'plain the meaning of the evpiession elec- 
trification by induction How would jou proie 
that positive and negative electricities are produced 
in equal quantities by friction ? 

6 Explain the piinciple and the action of a 
condensing electroscope 

7 ' Describe any two effects of an clectnc 
current, w'hereby tfie direction of the current may 
also be determined 

8 ^ What IS an electro magnet ? Expr^iirt (r) the 
action of an electric bell or (2;,the principle of the 
electric telegraph 

9 Describe typical eAperiments to illustrate) 
the phenomena of electro-magnetic induction 

Desenoe suitable experiments illustrating 
the phenomenT oi magnetic induction How would 
you determine tvhether a given steel lod is a mag- 
net or not ’ ° 


Spectruw 
12 II-2 


Microscope 
12 11 4 

Ice pail 
Expt 
14 11 6 


Condensing 
Electroscope 
13 11 9 

Effects of i 
Cwrrenf ^ 

12 11 p 

13- 11 7 

14- 11 9 

Electro mar 
12 II 9 
Electric bell 
Telegraph 


E M Ind 
09 11 5 
11-11 B -4 

13 11-ro 

Mag Ind, 
13 II 9 


IP 


/ 


« 
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' ANSWERS. 

FIRST PAPER— 1916. 

1 For the stntemcnt of Boyle’s Liw nnd "in experiment to 
venf> It, see De' Gey Physics Art 167 

In the example given — ^ 

Thexol that a litre mr at 76 ems uill occupy at /S ems is 
given by 

PV 76x1000 * 

''■-PT % " 

Hence the w t of \ ^ c c of air at 78 ems 
= 1 293 gms 

wt of 1 lure of nu at the same temp and press, 

I 203 I 20 ' X 78 V 1000 

.= — X 1000= 

vi /OX 1000 

«= I 327 gms approx 

2 For the laws of pendulum see Tcxt~book Art 86 
In the graph git en ih the opposite page 

X axis represents length in ems i small dix ■= i. ems 
Y axis represents lime of oscillation i small div = o z sec 
From the gr’iph the reqd time of oscillation is found 'to be 
071 sec 

3 When a solid IS irrimerscd m a liquid sav, naler, it displaces 
a quantity of ll 0 liquid equal to ns on n aolumc and is consequent- 
ly acted upon by an upward pressure Acceding to Anlnmedca’ 
pnnciplc, this upward pressuie is equal to the weight of the dis- 
placed liquid ' Hence a solid appears td lose a part of its wciglil 
when immersed in a liquid 

For the method of determination of the specific gravilj of a 
solidi see De' Pract Physics page too etc 
In the example given , 

Loss of wt of metal in water =100 — SS=l2gms 

Vol of displaced water = I2 c c 

’ ol of the bod} 

Tol of the liquid , displaced =12 cc 
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2 ooi66=/o(i+5o X 0000167) 

, 2 00166 ' 

^ “ I 0008 j5 

•Oo ^0 2’ooi66— log j 000S35 
> = 3013882 — 0003625 
== 3010257 
“log 1 99998 

/o®* *39998 metres j 

cubical expansion 7 of a gas involves tlie 
’e of volume of the gas due to a rise fo 
lous that the change of \olume considered 
ected by alteration of temperature Altera tind 
ge of pressure is obt lously not to be counteo 
.rimcnt to delcrnrine 7 must bo conducted 
e 

n — 

V* 

pj see l>age 28 a/ tins booh ’ , 

V* , 

5 “273+65 
-aoox 33S 

“log 20l)+log 338 — log 388 
“2 3010300+2 5289167—2 459392s 
“ 2 3705542 “log 234 732 
* ==234 723 C«C 

Specific heat is obviously meant for specific 
\ 

a liquid can be determined by the method 
>ing some solid of Known mass and specihe 
aiure, immersing it in a known mass of the 
a calonmcter of known weight and then 
temperature The equation for distribution 

solid ' 

lass of solid X its sp ht x fall in temp 

MS (1-^1) 
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Heat gained by liquid 

= its mass X sp ht x nse of temp 
= m s ($—f) 

' Heat gamed b)' calorimeter, etc 

= m' s — f) * 

MS CT— = +f>t' 

Whence ^ can be found 

In the example gix cn, let S De the sp ht of meccurj 

Heat lost b} mercuia « 

»=9oxS (too— 22)=» 7020 S calorics 
Heat gained bv \sa»er ^ 

= joox(22~2o) =200 calories, 

7020 S = 200, wliLnce S = 028“ 

7 See G’a-tbyojl, JItaf, page 1 7S Expt 36 (a) or (i) 

8 The first part o' the question is an instance of forced vibra- 
tion, see Dc' Sound, Art (9,) 

For determining t''^. fraq lency ot-a fork any of the following 
methods maj bo res >rtcd to 

'' (i) The vibroscope method 

(2) Syren . 

(3) Resonance column (see De Sound) 

g For the expression for the pitch of a note emitted by a closed 
oi^an pipe, we have (see page of this book) v =^nl 

Substituting in the aboi e equation, w e get 
i2g6 5 = 4 X 5 i 2 x/ 
whence / — i 579 mefes approx 
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i, For the laws of reflection see G^asebrook, Ltghi Ari 23 

following— Draw a line AB to rc- 
at a distance d in 

^ draw the image, on the other side behind the 

Tom to the object and at a distance d from the mirror 

Join the top of the object with top and foot of the image by two 



that the portion of 'the 
alf the image = half the 


in image formed by a 
74 and 77 

mled after fig 93 or 94 
I ] nt 8 in , and A,l? (AF) 

4 in in the same scale PQ* the semi length of the object is i in 
Twice tile length of pq is the si/e of the image 

, Note th It as the object is placed at 2f from the lens, the image 
will be form-d at 2f on the other side of the lens, the image being 
real, inverted and. equal in size to the object 

3 (i) Wi h sodium light only a“ yellow band will be obtained 

on the screen formed at the same place where the j'ellow of the 
solar spectrum appears 

(2) With white light i spectrum will be obtained Diaw a figure ^ 
# Sec G'azebrook Light ‘\ri to 7 E\pt ( 0) and {b) 

4 For desciiptiOn of a compound mieroseopc see Glasehrool. 

Light p t6$ 

5 When an eleclncally charged bodj is taken near to an 
insulated un'^harged conductor, the lines of force proceeding from 
the former terminate at the side of the conductor nearest to the 
charged body, thus mil ing that suiface charged with the opposite 
kind of electricirt The inducing charge and the induced charge 
are thus held bound’ to ea'h other At the same time an equal 
quantity of charge of the same sign is also induced on the con- 
ductor and IS renelled to its furthest end It is 'free' to move 
auaj if a second conductor be conneeied nith the first one This 
IS what IS meant by elcrtnfication by induction 

For the simultaneous and equal development of both kinds of 
electricity sec Poyser p 82 Expt 60 

6 For the description of a condensing electroscope see Poyser 
P 434 

7 The direction of a current can be determined by 

(«) the effect of the current on a magnetic needle placed, 
near it, and ^ ' 

(A) by the electrolj tic effect of the current 

(see the answer to Q g — II — 14) 


rUvST PAPFR, — igi 6 173 

8 For ^n clcclro-m ipnct see Hil n/it our io Q g IF — 12 
For the dc.'stnpuon of in declnc bell, •■ce Poy’ter page, 

E\er3’ clccirir Ifkirmph consists Lsscitnllv of dirco pirts — 

(1) i rite- ti consisting^ of t mttillir connection between 
twosniioiis inel T source of oltdiu ciirri.nt 

(2) o comm nuraiar or sender for the sigmls from one of the 
stntions , Olid 

(t) on ttidteafot or recctv for recoiMn ^ them nt the, other 
station 

The imnncr m which these on onei ments cspccioUj' the ln*it ^ 
two, ore dTf '■ted con b-> "rcoilv o om d 

(See Pujsi } , piis^e ^08 ond p JO/ cfc ) 

9 For *^pluol rtpciimcnls to lI!^^t^otc the, phenomena of 
cicctrc-m cnciic induct on si i Po^st r, pa^t, ^ 8 ^ 

10 i or mo"ncifc iiuh’tl'on si c Poy»Lt, paq’LS 11-12 

If the sici ‘1 rod be a In cmititwiU po'suss opposite pohntics at 
thetwomds Hi. nt tin. i-ame poll of o known moiinti will ottroct 
one end otul repi,! the othir end of the Ri\tn sittl rod, if mne- 
netistd Olhtrwisc there would be ottrution due to induction in 
both the enscs H» m t n js sud "thot rtpiilsion is o surer test on 
the point than ottrotuon 


1916. 

(Dr D N Mulmciv 
Papn-seiters 0114 C \V, P- arl 
( Mr R, S Trim di 


FIBST PAPER. 

Oflfy sFvPN gues/iotis o/i to be attempted 
The questions are of equal value 


I Define ‘work’ ind ‘energy ’ Give simple 
examples of Iraiisi formation of energy. 

State also the pnnciplc'of the conservation 
of energy 


Conscmtion 
of energy 
II lA-i 
X2 I 4 
13 l-i I 
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lawt! of tnc *«Jmplc. p.'ndulum •ire 
in the formula / = 2“///r. ICsplain 
eaninji of each sjmbol m the formula 

I frequency of o-»riIlai.ioT of a pjndu* 
r mtntit„ at i nine: w 'icro ^=980 cm 
cr scc'mcl, find tin lonjtn of t.ie p^n- 

Architn.frs' pnncio!'-, and explain 
nble >oti to ttlan‘if> a !jipeii piece of 

ivould xoii de’^crmine the specific 
iqiud ^ 

cn qumtit} of (jas is allowed to ex* 
UHLS us original lolumc WWt will 
re It auH ex rt, if it w as oryinaly at 
' 750 niilh.iictrwS of nicrctirv, the tern* 

lining constant throughout ? 

n* an ixpenmcntal arrangement by 
'suit ma> be aerified 

Taminc- of ■w-'S.r nt yo^C are mixed 
imts of x'atcr at o*C . what wfll be 
leruurc^ 

t five grammes of water at 0 °C 
by an equal amount of icc at 0°C , 
he find t-mpLiaiuri, ? 

water-equivalent of the calorimeter 

1 3, and the latont he it of fujjion of 
iktn equal to 79 

iguish betv cen real and apparent ex- 

2 cast, of a liquid 

ccefficient of expansion of mercury 
ae bulb of a mercurial thermojnjter 
the section of the bore oi the tuba 
n , find the position of tlie mercury at 
1 jst fills the bulb at o®C ' [Neglect tiie 
' jlass j 
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7 What IS meant by ‘maximum pressure of 
water ■vapour’ ? How can it be measured at ordi- 
nary temperatures ? 

Water can be made to bofl at all tem- 
peratures Indicate the conditions that are, in 
general, necessary 

S Explain how you would determine the 
velocity of sound in aif 

If the length of an open organ pipe sound- 
ing Its fundamental note is one metre, find the 
frequency of the note [Velocity of sound at the 
-temperature of the experiment, 320 metres per 
second j 

9 State tlie laws connecting the Irequency 
of the note emitted, and the length and tension 
of the vibrating sonometer string , and explain 
how you would veiify the law’s experimentally’ 


SECOND PAPER 

On/y SEVEN questions aie to be attempted 
The questions are of equal value 

1 Define index of refraction State the condi- 
tion for total reflection 

A rod 13 partially dipped into a basin of water 
Explain, by means of a diagram, the appearance 
presented ' . 

2 Describe a simple form of spectroscope 
Classify the various types of spectra tliat may 

be obtained, illustrating each t)pe by an example 

3 A rod IS moved from a great distance 
along the principal axis of a double convex lens 
till It IS very neai the lens 

, Explain by means of typical diagrams how the 
image changes 


\ 


Max press 
of Avater va- 
pour 
10 I 6 

Boiling Ft “ 
of a liquid 

Vel of Sound. 
12 I 8 


Vibration of 
string 


Total Reflec- 
tion 

12 ll-i 


Spectroscope 

lypes of ' 
spectra 

Image by a 
Coni ex lens 
12-Jl 3 
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ribe a compound microscope Ex- 
ans of a diagram liow the magniBca- 
iced 

IC 

the laws of action between magnet 

rch poles repel one another \nth a 
dynes w'hen their distance apart is 2 
will be their distance apart when the 
d} lies ? Find also the repulsive force 
istance apart is 3 cm 

I a piece of soft iron rod Describe 
magnetising it How would you test 
ao’arity ? Ho v does it depend on the 
igcnts employed 

iin the action of (a) the electrophorus, 
leaf electroscope 

d 5 are two insulated metal plates 
a parallel plate condenser ^ is 
a gold-leaf electroscope Describe 
actions in the electroscope, when — 
< barged positively , 
iiomentanly connected to ^ , 
nomentanly connected to earth , 
nade to approach j 5 , 
b of glass IS interposed between ^ 

I 

he nature of the electrification of B 

he laws of electrolysis 

with an illustration, the effect of 

a the constancy of a voltaic cell 

ribe an arrangement for producing 
ation of a wire carrying current when 
I ■ agnetic field How' is the direction 
. related to the field ? 
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IJ What IS an induced cirrent ? Describe 
simple experiments which typically illustrate thi 
production of induced cusrents 

f - 
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1 A force is said to do work when its point of application 
moves tn the direction in which the force lets 

WHicn the point of mplicitioi mov cs fn 1 direction opposite 
to that of tile force, work is siid to be done ai'cmst tlie force 

If a heavy body fills to the ground, us weight docs work If 
we lift It up igim, wc must do work agiinst its weight, 

The work done is mcisurcd bs the product of the force ind 
tlie distance through which its point of application moves in the 
direction of the force 

Energy is the cipiciti for doing work A body in motion is 
able to do work agimst an opposing force until 11 comes to rest 
A body may also possess energy in virtue of its position or of the 
configuration of ns parrs I hus a boJv at a height can do work 
when illowcd to fill down , again a compressed spring in a clock 
supplies the energy of dm mg the clock 

For transform Uio’i of energy and conservation of cnergi see 
answers to Q, i-I-i r and Q, 4. /- 12 

2 In the formula for the oscill Uioii of a simple pendulum viz , 

/ = sr^Jj^ 

t is the period of oscillation, i e the time taken by the 
pendulum to complete one full oscillation, or the shortest time taken 
to come back to its initial position in the same phase of us motion 

I IS die length of the pendulum measured from the point 
of suspension to the poult of oscdl uion which is approximatelj 
given by the centre of gravity of the bob 

g IS the acceleration due to gravity, measured iin ems 
per sec per sec (approx value, 980) or in feet per scc^ (approx.. > 
value, 32 ) (see De’s General Physics Art 86) , i« . 
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Flcotro 
ni'ibii^tie 
induction 
oa II S 
11 18 3 
1 *. 11 \0 
14 11.0 
16 11 n. 
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xample given, 

t = 60/98 sec 

g = 980 cms "per sec per sec 
iiting m the formula given above for t 
. > e 60/98 j= 

I , / = 98 X 60 X 60 4500 

98x98x4x9 87~49X9 87 
Now log 49=1690 

log 4500 =3653 

' 0969= antilog 9930. 

^ =99 30 cm 

3. For Archimedes' Principle — see De's General Physics, 
Art 140 ^ ’ 

, distinguish a metal from its alloy see the answer to 

For the determination of specific gravity of a liquid see De-— 
Gen Physics— Art, 147 

4 Here as the gas expands under constant temp , we can 
apply Boyle's Law, viz , 

PV = P'V' 

Here 7soxV = P'x(i c V) 

Whence P' = 500 mm 

The result may Be verified by using a Boyle's Law appa- 
ratus as IS commonly used in the laboratory (for figure see De — 
General Physics Fig xS^ m which a quantity of dry air is 
enclosed 

Let the atmospheric pressure as obtained from a barometer 
be V Adjust the position of the open tube so that the difference 
in the mercury levels in the closed and the open arms = the diffe- 
rence between the atmos press ir and the reqd pressure 7*50 

pressure of the enclosed air is 750 At tins stage 
note the length / of tlie enclosed air ■ ' 

the length=i6x/, as 

t uniform cross section the change of volume is 
proportional Now determine the pressure of the gas 
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5 In the example given let t be the final temp 

Then, heat given out by 10 gfms of water in falling from 
7o"Cto/ = iox(7o-/) 

Heat absorbed by 5 grms of water at o^C in rismg to 
/”C=5x(/-o) (i) 

Heat absorbed by calonmeter and stirrer 

' = i3X^ (2) 

But heat lost = heat gained 

iox(7o-/) = I 3 /+5 i, whence /=42‘g C 

In the second case, in addition to (i) and (2) above, we-, 
have to take account of the heat absorbed by 5 gms of ice at d’C^ 
m being converted to ivater at o"C and this is , 

, =5 X79=39S units 

Hence iox( 7o-/)=6 3^+395 
Whence /=i8yC * 

6 For distinction between real and apparent expansion of a 
liquid — ^See Glazcbrook Heat Art yd 

In the example given, we have 

Vt«V,(l+ 7/) 

Here V, = xcc , /= joo°C and r 1/5550 
I Vt = I 0182 approx 

Of this volume, the portion 00182 occupies the bore of the 
tube and is of length 00182/001 ;tf,i8 2cms from the bulb of 
the tube (Tfie expansion of glass is here neglected) 

7 A liquid gives off \ apour from its surface at all temperatures 
and this vapour behav es like a gas and exerts pressure 

Also w'hen sufficient liquid is present to saturate a closed 
space with its vapour, the pressure of the vapour attains a maxi- 
mum value, which is constant for a given liquid a*- a given temp 

/ 

The maximum pressure of water vapour at a temperature can 
be measured by introducing a suffiaent quantity of w'ater into the 
tomcellian space of a barometer tube and noting the diminution 
in the height of mercury caused bv the pressure of die water 
vapour formed {See Gtazebrool, Heat, Exft 36 ) 

The condition of boiling is that pressure of the vapour arising 
from It IS equal to the super-mcumbent pressure above the liquid It 
thus follows that the water may be made to boil at different temps 
by varymg the pressure above it (See Glazebrook, Heat, Expt 37 ) 
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of sound in air can be determined indirectly 
t of Resonant j^ir column (See De Sound 

open pipe sounding its fundamental, we have 
Es 2nl 

< sound, n is the frequency of the note and I, 

e 

1 =» 2xnx I 
1 =« 160 

)f vibration '•nnometcr string and their 
),,Sout}d,Af ' 
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< f refraction of a substance is a constant 

• > of the sme of the angle of incidence to 

of refraction when a ray passes from vacuurh 
Glozebrook, Ltght A it jj) 

pass from a rarer to a denser medium but 
Iways trufe Wnen a ray in a denser medium 

< f separation at an angle greater than the 
, media concerned it is not refracted out but 
fleeted {Ste Glnz’'brooh^ Arts 37— 3S) 

ped in wamr has the appearaflce of being 
if immeision in water (For diagram, See 
T 34) 

of spectroscope consists of — 
prism table 

A collimator ivilh an adjustable slit 
An observing Telescope 

{ See Ghsehrook-Lt^ht, Art ro^ 
^are commonly obtained may be divided into 
( / 

« an incandeseiit liquid or solid — this is a con- 
extehding from red towards the violet as the 
.uhstance is gradually raised The spectra of 
I Ilf an incandescent lamp etc a!re examples 
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' the rod where the bar leaves it,iis opposite 
le bar nearest the rod (Also See the answer 

1 

<>f (rt) the electrophorus and {b) the gold-leaf 
' 'set pp 87-91 

barged positively, it induces negative charge 
3t to A. while free positive charge travels 
• and causes the leaves of the electroscope to 

j momentanly connected to B, the capacity_ 
lUch diminished, the condensing arrangement" 
‘ charge remains the same, its potential is in 
ated by the greater divergence of the leaves 

‘ j momentarily earth-connected, free positive 
) the earth, and the leaves of the electros- 

is made to approach B further, induction 
< ves of the electroscope diverge with free 
ase (fl) 

>lab of glass is interposed between the two, 
em increases and the charge remaining die 
reases and the divergence is diminished 

ectrolysis are summed up in the formula 
I .Inch w, the wt of the iron {deposited at the 
e strength of the current f, the time of 
i-chemical equivalent 3 of the iron liberated 

Voltaic cell, consisting of a copper plate, 
rod and dilute sulphuric acid, the current 
intensity due to >vhat is called polarisation 
bubbles arising out of the action of acid 
te on the coppet* plate and ' weakens the 

I \ 

istance to its passage as gases are very 

I t 

I an opposite E M F due- to which a 
lydrogen bubbles towards the zinc {See 

answer {See Poyser^page 340 Expt 164 ) 

aid to' be induced in a coil when it is 
ing to the presence of a current m a neigh- 
■» magnet placed near it , ' 

I • eriments (see Poyser, page 285-6 ) 
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r Dr D N Mullik 

Paper-stUers ■! Mr C W Peake 

[ Mr R Trivedi 

FIRST PAPER 

Tm questions are of equal >ialue 
Not more than SE\ FN questions to be attempted 

I Distinguish between soork ^nd energy A 
tiodj falls under graviu and stnLes the ground 
Explain how the phenomenon supplies an illustra- 
tion of the tnnsfomiation of energy 

Does U also illustrate the pnnciplc of the 
eonservation of enetgj ? How? 

' 2 What IS a simple pendulutv ? Find the 
length of the (simple) seconds pendulum at a 
place at which g= 98 r 

What IS the exact meaning of the state- 
ment ^=981 ’ 

Will a pendulum clock gam or lose when 
taken to the top of a mountain from the bottom ? 

3 How* would you find the specific gravity 
and the volume of a given solid ^ 

If the specific gravity of a metal is 19, 
what will be the weight in water of 20 c.c of the 
substance ^ 

4 Describe an expenment to prove that 
air exerts pressure How is this pressure measured ? 

If a certain pressure is equal to that 
exerted by a fcolumn of mercury of height 760 
ai m. find its magnitude [Density of mercury 
— 13 6 


On EnerST. 
10 - 1-1 
131-1 


Pendnlntn. 

lG-I-2 

ISl-S 


Sp Gr " 
ol a solid 


00-1 S 
13-1-3 
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>e spmjic h*at 

• IS the specific beat of a solid deter- 

' ece of iron neighing 200 grammes at 
nersed in 20 c c ot water at ao^C 
ilting temperature, if the specific heat 
^1124 

" water equivalent of the calorimeter 

I 

) iin a method of measuring the maxi- 
e of water vapour between o'C and 

'rjs heated in an open vessel and 
tirred Describe carefully the changes 
r w ill undergo 

le latent heat 

' found that one pound of steam at 
passed into t>; lbs of water at o°C 
nperature of the water to 40*0 Cal- 
heat of steam 

It do you unerstand by the pitch of 

* / 

, am a method of experimentally deter- 
i.ilch of the note emitted' by a given 

I » 

i can the velocity of sound in atmos- 
iie measured ? How ‘s the velocity 
hanges of pressure and temperature,? 


SECOND PAPER. 

> are shadows formed ? Explain, with j 
diagram, the formation of the umbra, 
■mbra caused by an opaque, ball, ,when. 

. luminous sphere falls on it , 
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2 Explain fully the phenomenon of total 
reflexion, illustrating your ansiier by means of 
careful diagrams 

Explain the phenomenon of the mirage 

3 Investigate, with the help of diagrams, 
the conditions for the formation of {a) a real image, 
ip) a virtual image, bj a piano convex lens 

Explain how you would experimentally 
determine the focal length ot such a lens 

4 Descnbe an arrangement of apparatus for 
the production ot a pure spectrum 

How does the spectrum of incandescent 
sodium vapour differ from those of limelight and 
sunlight ? 

5 An insulated and uncharged hollow con- 
ductor IS connected with a gold leaf electroscope 
Descnbe and explain the effects observed on the 
electroscope, when— 

{a) a charged ball held by a silk thread is 
introduced into the conductor , 

ip) the ball is moved about inside the sphere, 
but IS not allowed to touch it , ' 

fc) it IS brought in contact with the sphere , 

{d) (e) the ball is taken out after the expen- 
ments {b) and (t) 

6 State Ohm’s Law 

The battery resistance b ohms for a current 
of C amperes was found mac ertain test to be as 
follows — 

b- 42 48 50 58 76 85 no 

C— 0’2I o 16 o 14 o 10 o 066 o 06 o 04 

^ Illustrate these results graphically Are they con- 
sistent with Ohm’s Law ? (N eglect external resis- 
tance) 


Totil 
BeQecfioni 
1 .111 
12 111 


Mirage. 

Iin ipe by a 
cuuvex lens. 
lOlNi 
IS-il:: 


To prodnco 
a pure 
bpet trum. 
15 tl-J 
11 11-1 


Ice-pill 
Exiieriment.- 
15 II 5 
14-112 


Ohm's Lair. 
12 - 11-8 
11 IlB-5 
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" ite the laws of electrolysis. 

J AO plates of /me are immersed m a 
<. zinc sulphate and connected to the 
of a voltaic battery Desenbe and 
' efly the effects observed on the ti\o 

' magnet is suspended at the centre of 
'■ Its plane in the magnetic mendian 

No current passes 

current is passed through the coil 
I le strength of the current is' gradually 

f 

I "ascribe the effects obsen'ed, indicating 
ce of the direction of the current on the 
a 

' esaibe expennients Inch illustrate the 
veen two currents and that of a magnet 
ni 

\ coil of nure has its ends connected to 
als of a galvanometer , 

I is rapidly rotated about the vertical 
ilf a revolution and' then through the 
revolution > 

/ be north seeking pole of a magnet is 
■ roduced into tlie coil and then taken 

ate and, as far you can, explain the effects 

1 

ilistmguisb between a permanent and a 
magnet Explain how you would pre- 
irtihcial magnet whose magnetism is 


• 'edne magnetic moment 
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N B - Do not forget to state the denomination whenever it 
IS required in the answer 

1 (/j) To define ‘work* and ‘energy*, first of all sec the 

answer to i6 I-i See Z?<*s Genet al Physns Af(s iPp and pr 

Distinction — ^Whenc\cr work is done, energy is eitlier lost or 
gained Thus, when a body is raised to a position above the 
ground work IS done hy an e\ternal force and the body gains in 
energy Again, when a body is allowed to fall it comes dowai 
with increasing speed until it strikes the ground It has done 
5ome work and has lost energy in consequence Tlius, the loss 
or gain of energy by a bodv or system of bodies, is measured by 
the work done on or upon it or against it 

(d) The bodv at its elevated position above the ground has 
potential energy due to its position 


WHicn It falls down It gradually loses its potential energy and 
gams in kinetic energy (energy of motion) A part of the energy 
might be converted into heat energy due to resistances of air 
to the motion of the body 

When the body is lust about to strike the ground its potential 
energy vanishes , all the energy, it tlien possesses is Kinetic 

When the body actually strikes Uie ground the kinetic energy 
IS mainly con\ cried into heat and sound energy 

In cases, there may appear light and the body may rebound 
show mg the reappearance of mechann al energy [Gcncmi Phy stes 


u principle of consenaation of energy states that the 

toM eneti'y ofany ttiafctnd sv^hm can naitket be tncteased nor 
atmttnshtd by any aetton between the part’s of the system thouo'h it 
vtcy be transjonned into dijfet ent forms" \Genet al Physics Attp6 

Thus in the present case, it may be proved that while the body 
IS tailing. Its loss in potential energy is just equal to its gam in 
kinetic energy^, m otlier words, at any point in the fall of the bodv 
Its potential energy ^///x ns kinetic energy is tonstant and is equal 
to the initial potential energy possessed by the body (neglecting 
the resistance due to air) 

Similarly, when the body strikes the ground, its kinetic energy 
IS equivalent to heat, sound etc to which it is converted ^ 
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mflefendulum — A heav^ paiUcle suspended by & 
ead This is purely a theoretical pendulum for 
>f studying the mathematical laws of oscillation of a 
Dis Genet at 'Phystcs^ 

practice, however, a heavy bob and a very fine 
d, but' It IS tlien no longera simple'pendulum but 
1 a compound one where the mathematical laws of 
, though not strictly, but most approaimately true ^ 

luds pendulum is one which makes half a complete 
< ccond , 

le i = n ± 

^ K 

re let required length of pendulum 



l- S5i_&.99 39cms 

JT' 9 Sy-* 

I means that the acceleration due to the action of 
ody is 9B1 cms per sec per sec In other words 
allowed to fall under the action of gravity its 
y second changes by 98 i_cms' per sec 


1 e of graMty on a mountain IS less than the force 
at the ground, for the distance of the former from 
earth IS greater Hence, ^ the accelerafion, due 
mountain is less than that on the ground 

lod of oscillation of a pendulum is given by 

nod increases at the mountain top, t e the pen- 
I e time to finish one oscillation In other words, 

> s 

inswcr without being supported by any reason 
. mark 

avity of a solid heavier than water — See. De 
Art 146 f 

. er than water — See tbtd, - . ; 
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The volume of a solid may be determined by the method of 
displacement of water — See Ptuc. Ph)sics, page Q 5 > 

Or, from the formula 

' V/> where A the specific gravity is known — 

See De^ ^Ptac Physics, page g6 ^ 

(c) In the example given 

M= V/’ =20x19=380 gms ' . 

' Wt m water = 380- wt of disphced water „ 

= 380 - 20 = 360 gms 

4 (<r) Air exerts pressure— "Mention any experiment you like 

bursting an India-rubber piece tied to the top of a vessel, 
the inside of which is being ^adually exhausted of air or the 
«xpenment of Magdeburg Hemisphere IGe/t Physics Art 1341 ‘ 

(J) Measurement of Air Pressure — Pressure is measured 
by the height of the column of mercury from the level of mercury 
in the trough on which the barometer tube stands 

In the example given, 

P = vvt of 76 eras of mercury on unit area 
= 76xi36or io-36gmswt 
or P may be gpven in dynes thus 

P = 1033 6 X 9S I dynes [Gen Ph) stes At t t5S\ 

5 (rt) Speafic heat may be defined in any one of the following 
■ways — 

Specific heat of a body is the amount of heat which must be 
supplied to one gram of the body to raise its temperature 
through i*C 

Or, It IS a ratio of the quantity of heat taken up by the body 
to have its temperature raised through a certain range to the 
quantity of heat required by an equal mass of water to be raised 
through the same range of temperature 

(^) Sp pt of a solid — See Pi ac Physics page 137 

(c) In die example given, 

• Let e be the common temp of the mixture 
Now, Heat lost=Heat gained 

' Here 200 (loo-a)x ii24=2ox(ff-2o) 

2248-22 489=209-400 

2648=44289 9=62“3C 

* / 

6 (fl) The expenment on the point required is known as 
Daltons emenment Two barometer tubes are filled with 
mercury and then fitted over a mercury trough. The height of 
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i< mercury jn 'either of the tubes giving the, atmospheric pressure- 
< ) aw a diagram of the apparatus ' 

Into one of these tubes let water be introduced ‘by a bent 
, •,& — the water as soon as it reaches the vacuous space above 
mercnry level in the tube is at once converted into vapour 
, ich exerts pressure like a gas and die mercury level is seen 
<k descend in the tube Introduce some ,inore water until the 
lid IS no more converted into vapour but collects at the top of 
< mercury column The vapour within the tube is then saturated 
1 the pressure it exerts is the maximum pressure at the room 
iperature Put a long jacket surrounding the tube in which 
lour IS formed Make arrangements for passing water through the 
■ ket at different temperatures, from zero to hundred Care 
st be taken to ascertain that at an> temp, there is sufficient 
\ er to saturate the vapour space 

The pressure of the vapour at any temp is obtained from die 
1 ■ erence of the height of the mercury columns in the two tubes, 

It'WilI be seen that when the vapour attains roo'’C the mercury 
I > he vapour tube is pressed to the level of mercnry in the trough 
I < reby snowing that under ordinary circumstances the pressure 
I he aqueous vapour at loo'C equals the ordinary atmosphenc 
. 'ssure 

(b) When water is heated in a vessel convection current is set 
whereby the upper portion of the liquid is gradually getting 
ted At first bubbles of dissolved air nse away and with 
ring the distnbution ofheat and the escape of the air bubbles 
• hastened The temperature gradually rises to 'loo’C when 
pressure of the water vapour equals the atmospheric pressure 
, water is found to boil 

\ ♦ 

If this IS continued water will disappear in the form of steam 
y Latent Heat — is of two ,kinds (1) of Fusion (11) of 
' lorisation ' 

The quantity ofheat which is absorbed by one giam of the 
stance in passing from the solid to the liquid state without 
I of temp IS called the Latent heat of Fusion of the substance 

The quantity of heat absorbed by one gi am of a substance 
'> lass from the liquid to vaparous state without use of temp 
ailed the Latent heat of Vaporisation 

Such quantities of heat are called latent because they are not 
■ icated by a thermometer ^ 

In the Example given, 

Heat lost=Heat gained 
or ixjL+i(ioo-4o)=i5x(4o— o) 
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Here L is the latent heat to concert 1 lb of steam 
L+6o= 15x40=600 L = 54o 

8 (<*) Pitch — IS that property of a note vshich distinguishes 
a shrill, note from a flat one. It depends upon the frequency of 
^ ibration 

A'. B — It Will be a mistake to sav Pitch is frequenc> It is 
correct to say that Pitch is measured by frequency, 

(3) Determination of Pitch — Gi\cany method you like ^ g- 
Duhamcl’s expt , Sonometer, S^ren, or Resonant Air column* 
See Z?f, Sounds 9 ^ ' 

9 Velocity of sound in air — Mention any method open' 
air expt uith reciprocal firing of canons betiveen two stations 
(See De^ Sound, page 40) O r Resonant air col umn page 127, zLd 

For the effect of pressure and temp on velocity — See De 
Sound page 47 


SECOND PAPERH9I7. 

1 \ (a) Formation of shadows — whenever the rectilinear 
course of 1 pencil of light on one side of a body is obstructed a 
shadow IS formed on the other side of the body 

(p) Here three cases are possible, viz, the diameter of the 
luminous bjiil may be greater or smaller than or equal to the 
diameter ^ the opaque ball Draw the diagram in any one 

cas&— See Gfazedrooi, Light, Page S 

2 (a) Total Reflection — See answer to O 16-6-2 Gi\e 
diagrams— Glaaebrool, Lght. Ars jS '' 

, mirage is an optical illusion by whifch inverted images 

nC 'h® different layers 

o. air above the heated sands possess unequal densities,, the den- 

“P “ ^ certun range The ray from an 
passing obliquely through the layer of air has 
more and more until the angle of incidence from a 
ayer to the next reaches the limit of critical angle between the 
^o successive layers Hea: total internal reflection takes place 

IrlaAKth^vTof^^l V contrary to the first ^until 

iv.™ « ^ ^ ^ ^ ^ traveller, who imagines 

the ray as belonging to an object above the ground but suffenne- 
ordinary reflection at the point of the ground where h is Im? of 
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ound , (Here a diogra^ is very important — See 

* ii f j 

' plano-conve'c lens 5 s, a convex or a converging 
our as regards production of image is the same 
ordinary double cc^vex lens only in the diagrams 
in plano-cnnvex lens is to be drawn 

nage bv a convex lens is produced when the 
eo and F, and virtual imige is produced when 
Within the focal length of the lens, (Give diagram 
lok It IS needless to say that a point source of 
tak' ) 

c isi , formation of virtual images take 

d ' 1 ,h° eve and the dotted lines fot the 

a^ s 01 1 1 o her side of the lens , 

mine the loial length of a convex lens use.any 
. in De, Prac Phi sics, page, 184 

_j3roduction of a pure spectrum, the following 
■I adjustable silt 

. sm placed in the position of minimum deviation 
I the ray coming through the slit 

I nvex lens used either between the prism and 
irism and the screen 

• 

im in any cases — See Ginzehook, Light, Artylff 

trum of Sodium vapour will be a Line Spectrum 
line only is seen which maybe broken up into 
lines With a good prism 

1 of lime-ligbt IS like that of' an incandescent 
us band from red to violet is seen 
trum IS a case of absorption spectrum A band 
ed to violet is seen in erspersed^ with dark 

irtually what is known as Faraday’s Ice-pail 
' ctional Electricity 

■ce of the leaves of the electroscope ^ 

e, in 'the case if the conductor be a spherical 
as the ball is introduced in it, the lines of force 
ire practically all enclosed, within the sphere, 

' tor be a cylinder there ynll be variation of diver- 
oscope as the ball is moved up and down 
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(c) No change in the divergence, for when the ball touches the 
■conductor, the charge on it is neutralised by an opposite ^nd equal 
charge on the inside of the sphere, while the outside charge remains 
as It was before 

* 

'' (6) If the ball is taken out alter the expt (6), induction 

will cease to act and divergence of the leaves of the electroscope 
•grows less and less until the leaves collapse 

(e) If the ball is taken out after the expl (c), there is no 
change in the divergence 

6 Ohm’s Law-^-yce Te\i Book 

According to Ohm’s Law, C amperes in a circuit is given by 
As R IS here negligible, we may put 



Or K ~ bG b' C' =b"C'' etc 

I e, the current cl^anges with the vanation of b 

If the product of b and C remains constant, the observation 
^vill be consistent with Ohm’s Law 

Hence, multiply b and C in all cases and show that the product 
Is not constant Therefore, the observations are inconsistent with 
Ohm’s Law 

For the graph, take b readings on the X axis and C readings on 
the Y axis Draw the graph It will be somewhat like a hyperbola 

7 (a) For the Laws of Electrolj^sis — See Am to Q r6 — l—g 

ifi) The case is one of electrolysis of Zinc Sulphate with 
Zinc electrodes As the current passes, ZnSO* is decomoosed 
into Zn and SO4 10ns The 10ns Zn are deposited on the 
cathode plate which thus increases in weight The 10ns SO^ 
travel to the anode and reform ZnSO* Thus there is loss of Zn on 
the anode plate ^ ' 

^ (a) No effect , ' 

M deflects — The force due to the current urges 

the N-pole to move according to Ampere's left-hand rule e g , if 
the current traverses the upper 1 alf of the coil so as lo pass from 
south to North on -the upper half, -the iN-pole will !, ureed 
towards the west ° 

I 


13 
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I ■ iection increases , 

letween two currents — There will be attraction iF 
2S the same way e ‘/r, m Roguet’s Vibrating spiral 

It pass in opposite directions to each other, there 
n (Descnbe a suitable experiment from your 
that of two movable wire rectangles suitably 
igh which the current may be passed upwards 

between a magnet and a current — The magnet 
ed to be traversed by an imaginary current round 
movable wire carrying a current will be attracted 
ding as the direction of the current in the latter 
r opposite to that of the nearest imaginary 
■nagnet’s pole Barlow's w'heel is an instance of 

his IS not a fair question for an I Sc paper 

j first half revolution current will pass one x\ ay,— 
lalf revolution the direction of the current will be 
xplanation consult B Sc Text-Books 

■nagnet rfiay bo supposed, according to Ampbre’s 
iversed by an imaginary current rbund ' its poles 
> a primary current, a secondary instantaneous 
induced in the coil in a direction , opposite to that 
the primary when the magnet is suddenly brought 

nagnet is rapidly taken out, another momentary 
ed in the coil, — thiS time its direction being the ' 
he imaginary inducing current on the magnet 

permanent magnet always retains its magnetism^ 
y one loses its magnetism, when the magnetising 
of a current or another magnet is remo'^ed / 

iron piece may be magnetised in either of the three 

(1) Single Toueh 

(2) Double Touch 

(j) Electric Current '• 

one of these methods — See Text-Book 
lature of polarity produced must be stated 

I ,netic Moment — is given by the product of the. 
ither pole and the length of the magnet 



FIRST P\PER, — rgiS 

1918. 

FIRST PAPER 


195 




I 


CaudtdaUs are required 1 o givt ihtir answers in their 
Oivn words as fcr as practicable 


Not more than SEVEN questions to be attempted, 

The questions are of equal numencal value 

« 

I Distinguish between potential and kinetic 
energy \.'itn llustrations, 

A railvra> train is going uphill with a constant 
velocitj ^Vnat is tne source from which the 
energ) the train is supplied ^ 

Describe tne iinous tr'^nsformations of energy 
that go on m this case 


irro 

Energy 
19 l-i 
ir 1-r 


2 Eaplain clearlj wh-'t you understand by 
atmosph' nc pre'^sure 

Desenbe expenments to prove the existence of 
of •'tmo-pherc pressure How is it determined ? 
If It IS equal to that of 32 inches of mercurj, find 
Its magnitude [Density of mercury = 136] 

3 Describe a method of determining the 
specific gravitj of a liquid 

A Nicholson’s njdrorneter sinks to a certain 
mark in a hqiiid of specific cranty o 5 but it 
takes 120 gmmaies to sink it to tne same mark m 
water What is the weight o*" the hjdrometer ^ 

4 Explain win t vou mean bj latent heat of 
fusion 

I'lnd the latent heat of fusion of ice from 
the folloiTing data — 

"VN^^eight of the calonmeter=6o grammes 
eight ot calonmeter and water =460 


Atmos 
pressure 
19 - 1*3 
17 1-4 


Sp Gr of 
a 1 quid 


Lt ht 
of fus or 
09 II 3 
12 1-6 

13*15 


grammes 

i emperature of water (before ice is put m) 

“SS'C 


1 
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Temperature of the mixture = 5°C 
Weight of the calorimeter, water, and ice 

■- =6i8 grammes 

Specific heat of the calorimeter =o i 

State the law connecting the volume, pres- 
ind temperature of a gas 
what temperature would the volume* of a 
doubled if the pressure at the same time 
je from that ot 700 to 800 millimetres of 
ry ? 

Define specific heat Describe an expen 
o determine the water-equivalent of a copper 
leter and the specific heat of copper 

Define the coefficients of linear and cubical 
ion How is the coefficient of 'mear expan- 
etermined in the case of a solid ? 

ube wnose sides are each 100 cm at o*C 
d to ioo®C If the sides become each loi 
ind the coefficients of linear and cubical 
ion , 

A vibrating tuning-fork, is placed at the 
of an open jar, and water is poured into the 
dually Explain what will happen 

\plam how you would determine the velocity 
id in air by an expenment of this kind 

Describe the motion of a sounding body 
Aould you demonstrate the nature of this 
' experimentally ? 

' ilain, as far as you can, the mode of p-npa- 
of sound through air 
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SECOND PAPER 

1 Distinguish between umbra and penumbra 

Indicate the formation of umbra and 
penumbra due to a spherical opstacle, when 
the source of light is a luminous sphere, {a) when 
the latter is larger than the obstacle, (^) when, it is 
smalter, (c) when the spheres are equal 

2 A rod IS placed at a considerable distance 
from a concave reflecting minor, and perpendicuw 
to its axis Desenbe by means*of suitable diagra- 
ms the changes in its image as the rod is made to 
approach the mirror, parallel to itself till it is very 
near the mirror 

5 Define the tollowmg terms • Principal focus, 
virtual image 

Illustrate the meaning of each of these terms by 
means- of diagrams, in the case of a convex lens 

A rod 5 cm long is held m front of a convex 
lens and forms an image 25 cm long upon a screen 
(placed parallel to the rod) at a distance of 100 
cm from the lens What is the focal length of the 
lens ? 

4 Desenbe, and explain the use of, a spectros- 
cope 

Describe a solar spectrum 

5, Describe {a) the construction and the mode 
of ' action of an electrophoius, (^) a gold-leaf elec- 
troscope ^ ' 

6 Two similar deep metal jars are placed on 
the caps of two similar electroscopes at some dis- 
tance apart, they being connected by a fine wire 

(rt) A positively electrified ball is lowered into 
one of the jars without touching the sides 

{b) The wire connexion is broken by means of 
a silk thread 


Shadows 

17-II-1 


Concave 

Mirror 


13 

II 11-2 


Convex 

Lens 


16 II 3 


Spectrosetpe 
16-11-2 
13-11 2 


Electrophorus 
16 11-7 
X3-H-S 

Electro s'tatic 
Induction 
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(() The ball is removed without touching the 
' ides 

Explain the effects observed on the two sets of 
old leaves 

7 State Ohm’s law 

Two cells, each having a resistance of 2 ohms 
nd an E M F of i 5 vplts, are connected in series 
3 the binding screws of a galvanometer having ^ 

■ esistance of 7 ohms Find the current passing 

irough the circuit If the binding screws are also 
onnected by a resistance of 7 ohms, how is the 
urrent through the galvanometer affected ? . 

8 Describe the construction of a tangent gal- 
anometer 

A circuit includes a water voltameter and a tan- 

■ ent galvanometer State the relation between the 
' eflexions of the galvanometer and the amounts of 

ydrogen liberated 

9 Expain the action of ‘Barlow’s Wheel’, or 
ny arrangement for producing continuous rotation 

1 7 electneal means 

Describe typical experiments which support the 
‘ xplanation you give 

10 Describe the construction of an electro- 
lagnet How does it differ in construction and 

, ction from (n) a natural magnet, (^) an artiScial 
, lagnet ? , 

How would you use it to demonstrate the 
ature of induced currents ? 



ANSWERS. 

FIRST PAPERS 1918 

* 

1 For the distmclion beiween potentiil and kinetic energj' as 
-well as for their illustrations see De's General Physics, Art, gi > 

For the source of energy of the train see the answers to Q 
' 1911-I-1, p 130 The transformations of energy in this case are- 

(1) Change of potential energy in the coal to heat enei^ and 

(2) Use of Heat energy partly to o\ ercome fnction on the 
w ay and pardy to overcome the effect of gravity. 

2 For the meaning of the atmosphenc pressure see answer to 

‘Q 191 I see also De’s Gc» Physics, Art 154 ' ^ 

Toprotethe existence of the above cite experiments with the 
Magdeburg Hemispheres etc See De's Gen Physics, Art 154 - 

It IS determined by noting the height of mercury standing in a 
baometer tube over the level of mercury in the cistern below 

The magnitude is given thus , — 

Vol of mercury standing on i sq in = 32 cu in 

Wt of I cu ft of water = 62 5 lbs 

Wt of I cu ft of mercury == 625x136 lbs 

Wt of 32 cu in of merenry = 5 x 13 6 x 32 

/ 2 ® 

= 15 7 lbs, 

3 For the method of determining the specide gravitj of a liquid 
:see De's Gen Physics, Art 14^ 

Let vol of hydrometer up to the mark = V cc 
Let wt of hydrometer = W gms 

Then ^ V^o 6 ^ W 

Again from the Hig^ng condition for the hydrometer in water 

=• W + 120 
From the above IF— o 6 = IF + 120 
IF = 06IF+ 120 
0 4 IF =72 


Or 


W = iBogms. 
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f the latent heat of fusion see Glase- 
boolt p $8 * 

sion ofjcc = L units 

= 460—60 =400 fWW 
t,tcr ’ = 60 yot = 6 gms 

•= 6;S--46o = i58 

= He'll gained 

’ cal ‘ by ice 1 

) “ *58 *{ ■i + 5 ) 

-= 79 8 hcat'Units 

t 


the volume of a quantity of a gas it 
^<®c+373), P' and V' arc the 
of the same quantity of the gas at 

ic cvample given, — 


, and hence V cannot be worked out 
iken as Mro, then ^ . 

16 

273 -M' 

16 X 27*3 

9x273 ^ 

5 X 39 C 

ipeciHc heat se^. GlaBcbrooh, — Heat 


water-equivalent of a calorimeter, — 
m gms ) of Mater at the roonn 
■eighed calorimeter ( say of m' gms ) 
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Pour into it 1 quantity of hot water ( say at T^C ) Let $ be’ tlie 
common final temperature of the mixture After a final weighing 
of the calorimeter determine the weight of the hot water poured 
(say gms ) Let '•0 be the water-equivalent of the calorime- 
ter Then 


Heat lost «= Heat gained 
, ' bj hot water bj water and calonmeter 

Or V(T-$) = 

whence 'u is known 

^gain as 'a = ms (see p 35 ) 

£ also IS obtained from this 

7 The co-efficient of linear expansion of a solid is its increase 
m length of unit length per unit nse of temperature Thus 

Ixt 

The co-cfficient of cubical expansion of a body is its expansion 
per unit Volume per unit nse of temperature Thus 

V'-V 

The coefficient of linear expansion of a solid may be determined 

(1) bj' Lavoisier and Laplau's, Method See Gla/ebrook, — 
Heat, Art 5S 

(2) PuHin^et's Apparatus In this a rod is supported 
vertically in a frame, the upper end of which projects a. 
little above a perforated gkass plate placed on the frame 
work The rod has a steam-jacket round it The expan- 
sion of the rod is measured by means of a spherometer 
placed on the glass plate, its central foot touching the 
upper end of the rod 

(3) bv the Micrometer Method — See Glazebrook, — Heat 
Art 59 

For the example gixcn, — 

^ — 100 I 

^x# looy loonier*' 


Or 


Or 


000 1 


and 


«3‘t 


=•0003 


. ^ t ® time, ‘speak’ i e , it will resound* to the 

tone of the fork See the article on Resonance in De's Sound Art 41 
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le velocity of sound in air is ^determined from tlie relation 
\ See De's Sound, art 79 p 129 
The sounding body makes periodic oscillations which may be 
verse or longitudinal See De's Sound, Art 5 
he nature of the motion may be expenmentally demonstrated 
tacliing a style to the body by means of wax or otherwise, and 
git press hghijy on a , piece of smoked paper ^^ouIld^round a 
as in DuhameVs Vtbroscope See De’s Sound, Fig 47 

ir the mode of propagation of sound through air see De's Sound, 
7 


‘Second Paper— 1918 

. Umbra means real shadow while penumbra means a mixture 
adow and light W^cn the luminous source is a point, we get the 
a only , with a source of some size both the umbra and penumbra 
ibtained 

■ or the diagrams in the three cases see Glasebrook, — Light 

8 

* Some six diagiams are here to be drawn See the answer to 
91 1-II-2 ■ ' 

Principal Focus — If a small pencil of paiallcl rays fall on a 
ncal mirror or a lens in a direction parallel to the principle axis, 
ays after reflection or refraction do actually converge to or 
ar to diverge from a point on the axis , this point'is called the 
cipal Focus of the mirror or the lens as the c^se may be 

'tritial image — See Glazebrook, — Light Art 25, page 34 

or the diagram,- of the Principal Focus of a convex lens, — ^see 
S 5 , Glasebrook, — Light 

'■or the diagram of a virtual im&ge produced by a convex lens 
fig 92, Glasebrook, art 77 

'Example — 


I V 
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III.. 

no\v — -j — as Uie image IS real 

V zi f “ 

6 


I I 6 I 

or — j = — 

' roo^ 20 100 f 


f => i6g cm 

4 Spectroscope, — tins instr iment is used to detect the present 

elements in 1 substance b}' rendering it luminous by suit- 
able means and then e\amining its light 

Then see the answer to Q igi6-II-2 

The spectrum of sun light is a coloured band from red to violet 
crossed with numerous dark lines, called Fraunhofer’s lines See 
•answer to Q 1913-II-2 

5 Elctrophonis — See Poystt , pp S7-91 

Gold-leaf electroscope — see Dc’s Piac Physics, paqe 22g 

6 (rt) As the ball positi^el)' chargf'd is introduced within jar no i, 
if induces bound negative charge inside it and an equal quantity of 
induced positive charge which spreads o\er the outside of the two 

the jars arc similar, each will get half of this positive 
charge Hence there will be equal divergence of the leaves m the 
two electroscopes 

(6) No change 

(c) Part of the induced negative change which noW|bccomes 
tree, neutralises the positive charge on the jar no i Owang to the 
TMt the lea\cs now diverge with negative charge Leaves in the 
■electroscope no 2 are un-affected 

7 Ohm's Law — see answer to Q 1917.II.6 

Draw- a figure first In the first case 


r- g 2x1 s 
R 2x2+7 


3 

>-j^amp 


In the second case, the equivalent resistance of the shunted 
galvanometer is given by 

* =— +-? = -I- +i- =. -2 


R 


7 7 


R= 7/2 ohms 

Hence the current in the circuit 


R, 
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Tent through the galvanoineterj , 


— C="— 7— x| amp 
s+g 7+7 ? 

=} amp 

anometer — see answer to rprs-II-S 


nt galvanomer , 

C—k tan $ I 

of hydrogen evolved m the water voltameter 
W=isct (see Poyser page 271 ■ 

r each second varies directly a^ the deflection 
'anometer "■ 1 


el — see answer to Q, 1912 II-io 

explained by the application of Fleming's rule 
magnetic lines of force m the field and thei 
nt and of the motion generated For typical 
ate the rule, sec Hadley's Magnetisn,, and Mee- 
tirse) 

so be explained by imagining a magnet to b^ a • 
I an invisible current traverses (Ampere's theory 
len applying the theory of mutual attraction 
allel currents (See Poyser, Magnetism and. 
and 230 ) ' 

net — see answer to Q 1911-II-ro ' 

, t 

rouhd which a coil of insulated wire is wound 
ses, the magnetic field 'of the ^current acts in- 
»n and magnetises jt As soon as the current 
almost all its megnetism 

as well as an artificial magnet have got perma^ 
atural magnet has an irregular shape but an 
erally ota horse-shoe shape Artificial magnets 
a horse-shoe Shape, a lozenge shape etc 

igncts in place of the primary coil in expen- 
gnetic induction in Pojser pp 285 6 
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1919. 

FIRST PAPER 


Candidates are required to give then anstoers in 
their own words as for as practicable 

Not more than SIX questions ate to be attempted 
All the qutstious ar^'qf equal value 


I. Explain clcarlv the meaning of the terms 
‘work’ and 'encrgi Illustrate jour answer by 
examples 

A bodj 13 projected upw irds with a velocity of 
64 feet per* second Represent graphically its 
kinetic energy at any height during the upward 
journey. 1^=32] 

2 Define a 'seconds pendulum' 

Find the length of a seconds pendulum at a 
place at which g=9Sr C G S units 

Will a seconds pendulum gain or lose when 
taken to the top ot a mountain ? Give reasons for 
your answer 

3 Explain fully the meaning of the statement 
‘The itmosphcre e'crts a pressure of 15 lb per 
square inch, ncarlj’ 

I How would you \erifj the statement experi- 
mentally ? 

4 State Archimedes’ Principle 

How would jou demonstrate Us truth ? 

A body weighs 62 grammes in vacuo and 42 
grammes in water , find its volume and specific 
gravity 

^ t 

5 100 grammes of water Rt 20* G is mixed 

with (a) 25 grammes of ice at o* C , (3) 25 

grammes of .water at o* C Find the final tempe- 
jrature in each case Explain the difference, bet 


Energj 
1(5 l-i 
17 1-1 


Penduluni, 
17-1 2 


Atmos 
Pressure 
18 1 2 
17 I 4 


Archimedes’ 
Principle 
16 1-3 
14-I-3 
12-1 3 


Calorimetry 
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1 the two results as far as possible [The 
•nal capacity of the vessel to be neglected J 

» Describe the construction ot a mercurial^ 
1 nometur It is necessary that the tube should ' 
•)f uniform bore throughout ? Give the reason 
our answer * 

tate the relative advantages of mercury and_ 
lol as thermometric substances 

Distinguish between conduction and con- 
5 n of heat 

■ lustrate the difference by examples 

vessel containing water at the temperature of 
lom is connected w ith an air-purap, and the 
■ned air (above the water) is exhausted Ex- 
the effects observed 

Discuss, as far as you can, the nature of 
irations m air when sound is transmitted 
h It 

I the case of a musical note, what characteris- 
the vibration determine its pitch and loud- 

How does the pitch of the note emitted by 
bed suing depend on the length and the 
il of the string ? 

< . en 'two tuning-forks, how w ould you deter- 
le pitch of the note emitted by one of them, 

Df the other is known ? 


SECOUD PAPER. 

I ' 'ore than six questions are to he attempted 
All the questions are of equal value 

■ State the laws of reflection of light How 
1 - ou verify them ? , 
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Explain with the help of diagrams the" forma- 
tion of multiple images by two mirrors, {a) when 
they are parallel, {d) when they are inclined to each 
other at 90° 

2 State the law s of refraction ot light 

Why is it that a pond of clear water appears 
less deep than it really is ? 

The real depth of a pond is 6 feet Find its 
apparent depth if the index of refraction for water 
IS ^ - 

3 Explain the formation of images through 
a double convex lens, by means ot t} pical dia- 
grams [Explain the construction in each case J 

4 You are given ti\o convex lenses of local 
length 20 cm and i c n respectively How would 
you arrange them to form a telescope ? 

Draw a diagram showing the course of the rays 
through the combination, and find the magnifying 
power 

5 Uescnbe the construction of a Leyden jar, 
and explain the mode of charging it 

{a) If the jar is placed on an insulated stand 
when being charged, how would the final result be 
affected ? 


Two mirrors 


Refraction o£ 
14 11 1 
1 2 - 11- 1 


Convex lens 
18 11-3 
17-11-3 
16 II-3 

15-11-2 etc- 


Telescope 
14 11-3 
12 11-4 


Leyden lar 

14-11-5 

13-II 6 


{b) If the glass is replaced by shellac, what will 
be the effect ? 


^ 6 A hollow insulated conductor is electrified Electrostatic 

positively A gold-leaf electroscope is electrified induction 
negatively A small conducting sphere connected 
to the electroscope by a thin wife is (o) introduced 
into the conductor, (b) moved about while inside 
Describe and explain the effects 

What difference will it make if the electroscope 
IS positively electrified ? 

7 Describe the construction and explain, as 
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■zorp 


coS 


Vo :a.c cs.i 
n-J-o 


Eiscsrolj^ 

Jb-tl-Q 

E ei=n>=;ag-- 
n^c lecco 
t^s 
i5- l-ii 

15-11-9 

15 -L-io e'e. 


2<Isg=£C:; 
eS^ oJ £c: 
io-’I-ie 


Irz ss ;On can the rcSon of a vottalc cell [Grores 

or Dznielisl 

*■ 

S‘at& in general tenns on wliat tfis yectronjo- 
toe force of tne cell depends 

S Sm^e tee lavvs of eiectro'vs3 

Describe a ir-ter voitanieter, and exphin aov- 
yen TTO jIg i^e it for the rendcction of these larrs 

9. Wb-’t are induced currents - Describe 
typical e-rpenments -srhereby proauciion of m- 
ducea cuirents may be Biustiated 


^io._ A small magnetic needle is saspendsd on 
a Tsmcai plvo*" Hot ijrould it place itself, and 
Trbv ^ 

* » ^ 

A vnre canymg a current Is asld bonrcataily, 
(o) along (p) perpead-cdaiiy to tne magni^c 
needle above is centre Explain tbs effects 
observed. 

Tbe currsit is (a) increased in intensity (£) re- 
versed .n direction . ivhat vTli be tbe effects ? 
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N B Note that six questions are to be answered In case 
where more than six are attempted, examiners generally consider the 
SIX best answers 

Further a student should never omit to state the denomination 
whenever it is required in the answer 

1 For the meaning of 'world and 'energy' see the answer to 
igij-I-i For examples see De's Gen Phystcs, Arts 8g andj/t 

For the example given, — 

o: ur ~2gS 

Here = 64=— 2x32^ =64.-— 64s , 

=64(64-5) - ^ 

The kinetic Energy (K E) of a particle^f unit mass 
= ima® 32 (64— 5 ) 

> ) 

Now to draw the required graph, let the JT— axis Tepresent and 
the F— axis the K E viz , 32 (64— s) Give different values to S 
eg, I ft 2 ft 3 ft etc to 64ft the K E will be 32 x 64, 32 x 63 
32x62 etc, etc to 32x0 Plot these points and join them The 
graph IS a straight line , 

2 For the answer to the whole of this question see the answer 

to Q 1917-I-2 ^ 

3 A layer in the atmosphere is subjected to the weight of the 
superincumbent lasers and hence it exerts a pressure Ordinarily 
this pressure is not felt as it is exerted in all directions {PascaVs La-js) 
But if the air on one side of a surface be removed somehow or other, 
then the existence and the intensity of the air pressure on the other 
side of the surface is at once evident See Expt 93 De's Gen 
Phystcs Art 154 ■' 

The statement can be expenmentally venfied by means of a 
Mercury Barometer, in which a mercury column of a definite height 
IS supported by the atmosphenc pressure This height is on air 

14 



210 


ANSWERS FIRST PAPER, — 1919 


average about 30 inches The weight of a volume of mercury of 
30 in height and one sq inch in area is given by 

30^^ Physics Art igS 

I 2 XI 2 XI 0 -r j 

t 

= 14 75 lbs *= 15 lbs approximately 

4 For the statement and proof of Archimedes' Principle see 
De’s General Phygics, Art 140 1 

For the example given, — 

Loss of wt of body in water— 62— 42=20 gms 

This IS the upward pressure exerted by the volume of water dis- 
placed by the body according to Archimedes' Pnnciple 

V0I of displaced water = 20 c c 


Sp Gr, of body 


Wt of body 

\yt of cq Vol of water 
62 


iV^ B — ^no unit 


S (a) Ice at O^C to be converged into water at 0 ®C requifes a 
total amount of the latent beat 

25 X 80=2000 caloncs 


Again 100 gms of water at 2o°C in cooling to O^’C can supply 
100 ( 20-0 ) i-e 2000 calones which will, as we see, just melt the ice 
So the final result is 125 gms of watet* at O^C' 

(£) Let Q be the common final temperature 
Now Heat lost = Heat gained 
Or 100 (20—0) = 25 ( 9—0 ) 

Or 2000—100 0 = 25 0 1 , 

, Or 125 0 = 2000, whence 0 = i6®C 

6 In the construction of a mercunal 1 thermometer the successive 
steps are the following — , 

(1) Selection of tube --The tube should have a capillary and 

a uniform bore It is next 'cleaned and dned ' 

(2) i?/on)rn^a at^oneend and inaking a constnction at 

the other where a funnel is attached by< means pf art 
indiarubber piece 

CS) Filling the fiulb and a part of the stem with mercurj' by 
alternate heating and cooling ^ 
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(4) Sealing — ‘The apparatus is to be heated at a little higl^r 
temperature than the highest at which the thermometer'is to be used 

(5) Determination of Fixed Points Viz , the ice point and the 

steam-point. In the determination of the former ,the bubb is dippedi 
in powdered ice In the latter case, the thermometer is inserted m a 
Hypsometer to be surrounded by steam only at the pressure^ in me 
room To this then a correction is applied for the deviation of this 
pressure from the normal pressure as the boiling point of a liquid 
varies with the pressure s. 

(6) Graduation oi the stem between the ice-point and the 
steam-point 

It IS necessirv that the tube should be of a uniform bore as other- 
wise the graduations on It will be irregulaS ' ' * 

Advantages of a mercurial thermometer — Mercury has a high 
boiling point ( viz , 35o°C about ), low specific heat, a high and 
regular coefficient of e\pansion, good conductivity, opacity etc etc ^ 

Advantages of an alcohol thermometer — Alcohol has a high co- 
efficient of expansion and possesses a murh lower freezing point , 

hence it is spcciallj suitable for low temperature work ' 

{ " 

7 Conduction of heat — Heat is said to be transmitted by con- 
duction when it passes from the hotter to the colder parts of a body, or 
from one body to a colder body in contact wfth It ( See Glasebrook 
— Heat Art 13'/) 

Solids are heated b3' conduction It is a slow process ^ 

t 

Convection of heat— Heat is transmitted bj convection when 
matenal particles convej'ing the heat are earned from one point to 
another ( See Glazebrook — Heat Art 137) ' ' 

Liquids and gases are heated b)' this process Heated' portion 
of these go up and the colder portion from tl\d sides oc6upy the 
place It is a slow er process than conduction ’ ' ' 

(ft) As the exhaustion goes on the pressure over w'aler in the vessel 
falls until the reduced pressure becomes equal to the pressure of the 
water vapour at the room temperature Now a liquid boils w'hen the 
pressure of its vapour equals the superin cumbent pressure above 
It Hence the liquid in the vessel with then bigin to boil 

Due to still continued e> haustion and r boiling vapours in large 
quantities will nse from the liquid mass anddatent 'heat will be abs- 
tracted from it Finallj the lyater m the vessel will freeze 

8 Air Vibrations are longitudinal when sound is propagated 
through It See De's Sound Art 7 Give diagrams 
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Pitch IS determined by frequency 1 e no, of vibrations per second 
executed by a body , 

Intensity of a note is determined by the amplitude of vibration 
Loudness depends upon the intensity of a note and the acuteness of 
heanng of an observer { See De's Sound, Art sg) 

9 Cite here the laws of the vibration of a stang concerning the 

variation of n with I 

and Do Do ‘ with m 

( See De<s Sound, Art 66 ) 

And for their verification with a sonometer wire see De's Sound, 
Art 66 i A) 

For the determination of the unknown frequencies of the fork see 
Expt 22 ( A ) in Dds Sound, Art 66 (A ) This may also be done 
with a resonance column of air ( See De's Sound, Art fg ^ 


SECOND PAPER ' 

1 For the laws^ of reflection of light and for their verification 
see Glaeebrook, — Light Art 23 and 24 or Ganot, Art 332 

(a) For the Diagram of the position of images formed by two 
parallel plane mirrors see fig 24 Gtaeebrook, — Light Art 30 

(b) When the mirrors are inclined to each other at 90®, see fig 

27, Glassebrooh, Art 30 ^ 

2 For the laws of refractiop see Glaeebrook, — Light, Art 33 

It IS due to refraction that the bottom of the pond seems to be 
raued up \nfig 33 of Glaeebrook, — Light, page 50 let PQ represent 
a bit of the surface of the bottom of a pona Rays proceeding from 
this suffer a refraction at the surface of water and give rise to a 
refracted image P'Q' 

For refraction at a plane surface the expression for v is given by 



V = 4 5 ft ! ' ' t , 

rr^ i I 

3 To trace the formation of an image by a convex lens two 
rays are to be drawn See Glaeebrook, Light, Art 74 
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Draw two diagrams, one showing the formabon of a real image, 
the other a virtual image See Ji^s 92 and 93 of Glasebrooh , — 
Ltghi, Art 77 


4 For the diagram of raj s through the two lenses w’hich form 
-a Telpscope see Jig iii of Glasebrook, Light, Art 98 

The magnifj ing power is given by F/ f See the same article 

Tj F 20 

Here 771 = ^=-- s=2o, 

5 For the construction of a Lej’den jar sec Poyser page 122 

For the mode of charging this — see the answer to Q 1914- 

(a) See the answer to Q 1913 II-6(fl) 

(i) As the inductive capacity of shellac is le>s than that of 
glass, the capacitj' of a Lej den jar w’lll be less when shellac is used 
instead of glass 

\ 

6 Draw a diagram first Let 

- C — the hollov insulated conductor 
E — the gold leaf electroscope 
S — the conducting sphere ' 

% 

ta) When S goes within C, a condenser is formed Positive 
, charge will come to the inner surface of C and induce bound— ve 
charge on S and drne the induceo +ve charge to' E Hence 
the di\ergencc of the leaves will dimimsh 

, As S IS introduced more and more, the capacity of the condenser 
so formed increases and more induction takes place Hence " the 
mvergence is gradually less and less They will then collapse and 
then diverge again with positive electncity 

If E IS charged posihvely to begin with, the divergence of the 
leaves will not diminish but Will go on increasing from the instant 
of introduebon of S within C 


7 Grove Cell See Poyser^ Magnetism and Electricity p 194 
Daniell Cell See ibid page 192 
‘Electro-motive force’ of a cell depends upon the nature of 

"Ot depend upon the size of the 
‘^'Stance between the two metals used as 

polSal .hf “ Tf 0' 
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The position of a substance in the list again vanes considerablyr 
With (a) Its condition and (6) the strength and nature of the liquid 
(See Poyser page, 188 ) 

8 Laws of electrolysis — see the answer to Q igibll'pand 
Pay set, cage, 272 

Water-voltameter — see /ig 233 Poyser page 265 and its desenp^ 
lion The tubes O and H are long and graduated so that the 
volumes of the gases can be measured 

Now for verification of the laws we hare W, the weight of am 
ion were, say Hydrogen, in one of the tubes is proportional to C and 
t So vaiy C first and call ulate the weight of hydrogen collected' 
from the volume observed , the observed volume is, of course, ret 
duced to N T P for this purpbsc In calculating the pressure of 
the gas the tension of aqueous vapour at the temperature of the 
w'ater in the voltameter must be taken into consideration Then 
proceed in the same w ay by v arying t but keeping C the same 

9 See Poyser — Magnetism and Electricity pp 284-286 Do 
not omit to insert the excellent table given here 

to The magnetic needle supported- on a vertical pivot is an 
ordinary compass needle It will place itself in the magnetic meri- 
dian one end pointing tow'ards the magnetic north and the other 
tow'ards the south As the earth is a magpiet, ' its surface is a mag- 
netic field, its lines of force running from the south towards the north 
The magnetic needle simply places itself along and parallel to these 
lines of force at the place of the expenment 

(o) Wire held along the needle Needle will deflect according 
to Amperes' Swimmer Rule is Maxcel’s corkscrew rule With is 
increased current, the deflection is greats, with current reversed in 
direction the deflection will be in the opposite direction 

tb) Wire perpendicularly to the needle and horizontally One 
end will dip a little With reversed current the other end bends 
down With increased current the bending should be greater as 
, far as the support allows 

All these results are explained by the fact that whenever a current 
traverses a wire, it creates a m^netic field of which the lines of force 
are circular, the direction of the lines of force being gnenibyvthe,. 
Cork-screw Rule 
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1920 

FIRST PAPER 


Not more than seven questions are to be attempted 
All the questions are of equal value 

Evpla :n what is meant by mass and weight Mvs md 
'and how they are measured weight 

A body IS weighed at the surface of the earth 
at sea level and at the top of a mountain State, 
in general terms, how the position will ahect the 
v eight and the mass of the body Gn c reasons 
for your answer as far as possible 


2 Explain clearly, with illustrations, what is 
meant by energy of a body State the principle 
of tonservation of energy. 

If clouds were one mile above the earth and 
ram fell, sufficient to cover one square mile at sea ‘ 
levul, A inch deep, how much work was dons in 
rai'ine the water to the c’ouas ? 


energy 
conservation 
of energy 
J3-l-t 

ta }<4 
11 1-1 


3. State Archimedes’ principle Ho.v can it 
be verified c'perimcntally ? 

A piece of glass weighs S*6 gramme^- m air, 
585 grammes in water, and 6'»j gram >iips in al- 
cohol Find the specific gravity of alcohol 

4, A volume of air at standard temperature 
and pressure is compressed to /,th of its original 
volume Miat will be the new pressure ? 

Desenbean eapenraental arrangement which 
will enable you to verify the result 

5 The height of a barometer appears to be 
76 4 cm according to the brass scale which is 
correct at 0 *C If the temperature at the time of 
reading is 3o"C what is the actual height of the 
mercury column ? The coefficient of linear expan- 
sion 01 brass is o 000018 How is this quantity 
determined experimentally ? 


Arclnmcdcft 
principle 
191 4 
1(1 1 3 

14 1-3 
13 1 3 

On Boyle's 
Law 
Id 1-4 

15-1-1 

13- 1-4 
ri 1 1 

Linear 
expansion 
18 1-7 

15 1-4 

14- 1-7 
etc 



■> n by ‘latent heat diiu livn*' 

,» * 1 nent by which the latent. 
fee determined 

[ • an experiment to deter- 
i t of a' solid Indicate-' the 


»■ ' - _ M , 

» 

1 

■ 1 vacuum of a barometer i 

drop by drop Indicate 
e in that space may be * 
. What will be the ulti- ’ 

he mechanical equivalent" 

r* ■* ** 

0 ■30 grammes ,JaUs from a 
the energy" is converted - 
I of heat developed" Me- 
ts=4axio^' 

.helmotion of the air be-" 

, ator, e g, a'vibrating,tun- 

>■ > 1 
J 

transverse vibration of a 
be expenments to verify 
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. • {tons are to be attempted 
. ' ; re of equal value 

. ce between a real and a~ 
, Ve a‘‘''convergerit'lenspf 
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12 incheS] focal length, show by sketches '^here _Conve\ Letisi 
you would, place an Sbject, so ’ as to obtain by 
means of the lens, (a) a real, 16 -II -3 

(3) a virtual image etc”'^ 


2 Describe how you would project a pure solar 
spectrum by means of a spectroscope How are 
the dark Imes explained ? 


3 Define the focal length of a mirror 

An object is at a distance of lo cm /rom a 
'^inirror and. the image of the object is at a distance 
'of 30 cm/ from the mirror on the same side as 
object 

Is the mirror concave or convex ? What is its 
focal length ? 

4. Descnbe a telescope Explain by means 
of a diagram how the magnification is produced 

When is the image erect- and. when is it in- 
verted ’ 

5 Descnbe an experiment which will show that 
a piece of iron attracts a magnet, just as truly as 
the magnet attracts the iron 

Illustrate" by suitable experiments the pheno- 
menon of magnetic induction ^ ' 

6 What do you mean by potential of a con- 
ductor ? 


SpectruRi 
1 8-11-4 , 

17- 11-4 
Spectros- 
cope ' 

18- II-4 
16-11 2 

Concave 

mirror 

18-II-2 

13-11*3 


Telescope ' 
19-II-4 

4-11-3 

12-II-4 


Mag 

Induction 

XS-ll-io 

13-11-9 


Electric 

Potential 


Two conductors of capacity 10 and -15 res- Capacity 
pectively are connected by a fine wire and a charge 
of 1,000 nnits IS divided between them. Find the 
potential^ of either i conductor' and the chaige of 
each 
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Induction 
09 11-6 
' 18 11-6 
17 116 
etc 

Ohm’s Law 

J8II7 

17 116 
13-11-6 
etc 


Simple 

Galvano 

meter 

18 11-8 

17 11 8 

Telephone 

14-II-10 

Electro 
lysis of 
\vater 
iq 11-8 

17-11-7 

16 II-9 etc 
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7 An electroscope_is surrounded by a cylinder 
of wire gadze which is put to earth ’If an electri- 
fied body IS brought near to it, how wilPthe leaves 
behave? Give reasons for your ‘answer ' 

8 State Ohm’s law 

Two cells, each having a resistance of 2 ohms 
and E M F» of 1 5 volts, are connected in series 
to the binding screws of a galvanometer having a 
resistance of 6 ohms Find the current through 
the galvanometer-^ 

9. Desenbe the construction and action of '< 
{a) a simple galvanometer, 1 
[V) a telephone. 

*1 

10 Desenbe an arrangement for obtaining oxy- 
gen by the decomposition of water 

Point out the ' most important difference be- 
tween electrical conduction in metals and in solu- 
tions, > 


ANSWERS 

FIRST PAPER -1920 

1 ‘Mass — the total quantity 61 matter contained in a body 

the efiect of gravity on the mass of a body It may vary 
from place to place on the surface of the earth while the mass 
remains constant ^gnm as the mass is changed, i e , added to or 
subtracted from its weight also changes (See De's General Phystcs, 
Art 10) 

Misses are measured or compared by means of an ordinary 
balince by the process of weighing 
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WaeH 3 body is tne toisl force exerted bv. gravity it aod 
-fe r-^asursd b> the forces of elasticity of ® 

-spdng balarce A larger eight susoended from the hook o* - 
-Etnng'balancewin extend the coit tnrough a longer distance tnan a 
STialief neig*'*'- (See Vi’s G rtrei Ptjs cr. Art ii ) ^ 

A bod, *v''»en ca-ned frovi the sea-fecel to the top of a moj-^in 
r--n nave Its mass unchanged, but i»s wesgS^ v*ill a^ected i ow 
the 'A eight a oodv o' mass ». is thferOEu’t of the force cf sttracaot 
exerted bslwecn the a^d the earth As a body, in being ,3 'en 
to the -nour’-am top, is at a greater d stance f''om the CCTtre o* -ae 
earth ■wr^erce the force of g-av i> ’s supposed to be exerted, tne ^cice 

_!► _ 3 u- I'k/vfit crrt:»TT^ Sfn^C tT€: 


Si^rC V*. v»*^5 A.A'- tt-s- V X.- 

d'ann^hes (Sec O'S' ff'n Pt^sic::, •^rt J05 } 

2 Energy of a body is its capantj for do^ng woriv A body^ esn 
hare ensrgs either d^c to 13 p'-sidoio” due to its being in motion 
A ra’sed. w&gnt, a snmg irouitd up a p ece of ’ton seperated from* 
cue end of a magne* are all in p sta*e o* Har[*'g potential energy 
A fai’-ng- bodyT a fiyang ballet, a rurr'ng sueam all possess kTnct.c 
&ec £tys Gcr Pkyxcs Art <?/ ; 

The Principle 0 ccnscrvptian of erergy states tha* "t^e total 
ensrsryjof any matenal CTstem can nDvbc" be increased nor dimijii- 
^■sixid by anv action bew Kn4hc pans o’ the sys’esn, tnough it may be 
trans’onicd into any of the foms o*" nrHcn energy is susceptible.'^ 
{See DPt G*n Pry-ics, Ari or. » 

For tne etample given, — 

The «3.t vork n the Ergl «b svsttai is tae foai-poHKd vrh ch 
is tae ’J'ort' done la bftng a mass of t Ib'vemca^J through i ft ^ 

Hure n =• mass o*" water of volume i «j rode x i in 

* ♦ « 


(1760x3)= Xj— cu ft. 


(1760x3)= X 


-x'62 5 lbs 


2X 12 

lor J cu ft. or water wciglss 62 5 lbs 

and tbs mass has ueea ra’seJ throaga the height of i aitle 1 e , 
1750 x 3 ft, 

Herce the wo-k done in th.s case 


(1760 y 3)= X 


2^X12 


X 62 5 f‘ lbs 





I mmersed m a liquid seems"; 
IS equal to the freight of the- 

t ^ 

' Cl pie proceed as in e'cpen- 


\ 'ol of alcoho l 
^ ol of water 


o8 


2 2 
27s 

:ase is not altered, the case 


II 


onginal value, the pressure- ^ 


xpenment lofi.i'art 176, De‘s 
' the extent allowed by the' 
volume to onc*sixth exadtly, 

* f temperature in mercury " 

. lunt The correct reading 
• • • Ti of scale for 50’ difference- . 


I 



rass may be determined,— 
Method See Glaze-brook, 

\ * 

,ee above, Art 59 

see the answer to Q 7 — I 

oy unti mass of'agiveti 
' ' to the liquid state al the 
■ be constant and is called ^ 

• e So long as fusion goes , 
1 le term laterit is due to- 
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■tlie ewly scientists who thought that the heat absorbed without rise 
' of temperature dunng fusion became latent or hidden In the liquid, ^ 
^ and re-appeared when the liquid solidified It is now known ' 
that heat is a form of energy , and that the latent heat absorbed 
In anj substance dunng fusion is converted into molecular potential 
eneigj, and supplies the increase of molecular potential eneigy^ 
which acobmpanies the change from the solid to the hquit state 

Similar Is the explanation in the case of the latent heat of 
vapounsabon in the case of a hqbid, what is the quanbt} of heat 
al^rbea b^ »»i^ mass of a given liquid m changing' to gaseour 
State ■s>tf7toui~any rise iit temperature 

For the determinabon of the latent heat of fusion of ice see* 
De^s Prac^ Physics, p Z40 


7 For the descnpbon of an expenment to determine the 
specific heat of a solid see pe*s Prae, Physics, p xjy 

The chief sources of error in this expenment are— 

(t) Cooling due to radiabon while the hot body is dropped into 
rte calonmeter The final temperature w'ould have been higher, 
had not heat escaped to some extent to the room— from the calori- 
meter Either radiation correction is to be made or the calorimeter ' 
must be put inside a wooden'box covered with flannel 

(2) The body must be heated in dry hot air instead of m "hot 
^ter as otherwise some amount of w’ater is sure to stick to the 
hot bod} when it is transferred to the calonmeter 


iZ) The theimometer in the calonmeter should be sensihve to 
one-tenrojif a degree 

(4) The water equivalents of the calonmeter' and thermometer 
must be taken mbr account (See Glasebrook Heat, p ) ' 

Dew Point teniperatiire at which the quanhties of 

sufficient to saturate, 

it has been c^led the dew-point- An} excess of water-vabour if 
present, would be deposited in the form of dew drops ^ ’ 

, * ' / {Glasehrooh Heat, p~ ) 

In the case given, as soon as water comds to the Tomcellian 

- mo vapour which exerlJ^^Ssure 

like a gas The mercury surface within the tube being thus nr^sed 

SdSd* A X 15'”"“ 5 ‘h' “Ten 
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I 

ing water drop by drop within 
'hen the space above Ihe mercury 
atcr-vapour at the temperature 
water can be converted ■‘into 
must remain as water on the 
i/f t)ie water vapour will attain the 
*, so long as the temperature is 


"echanical Equivalent oE heat see 
. J gms falls from a height of 300 


gA ■= 2000 X 300 X p8i ergs 
'/ 

/ » aOOO X 3 00 R p 8 t .raW.PS 
4^2 X ro^ ' 

, calories 

10’ X 4 2 4 2 X to* 

<=» -14 1 Calories approx* 

• he air between a vibrating fodc 

I ^ 

» «e vibration of a stretched string 
' e laws sec Z?c’s Sound Art 66{A) 


S’CONJJ t^APER—192D ^ 

oceediiig from a point of an object 
ally pass through a point in the 
ved on a screen , 

iceeding from a point of an object - 
n' to diverge from a point in the 
only by an eye but cannot be 

. int of a converging lens of X2 in 
• Pnncipal Focus so that object . 
, the image will be >3 real one* 
f' Glaeebrook 
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If an object be placed between the F and the middle point A. of 
-a. convergent lens, its image will be a virtual one Draw a figure 
Similar to 92 of Glasebraoh's Heat 

2 Here ‘project’ is evidently a mispnnt for 'produce ’ 

Describe a'spectroscope first , that it has got a collimatoi with a 
-'harrow adjustable slit atone end, an observing telescope and a pnsm 
■placed on a pnsm table in the centre of a disc which is - graduated m 
degrees and parts thereof 


Then give a diagram like fig 131 Gleeehrook's Light with the 
descnption of what takes place, ibid Art ji2 

The dark lines m the solar spectrum are due to the fact that some 
rays proceeding from the very hot necleus of the sun are 
absorbed as they pass through the outer atmosphere of the sun 
An element present in the necleus of the sun may also be present m 
the solar atmosphere but that al\\a3S at a lower temperature In 
•simh a case the element at a lower temperature can absorb the rays 
iiimich it would emit at a higher temperature Hence the absorption 
of some of the rays occurs here The light as it emerges from 
the solar atmosphere though aoparently white, i** poorer in those 
rays which have been absorbed Such light when analysed bj' 
means of a spectroscope reveals some dark lines in places of 
the spectrum corresponding to those which wonld have been 
occupied bj the absorbed rays The lines are nbt_absoluiely 
u ^ appear to be so in contrast with the contiguous rays 
which have not been thus absorbed 


3 Focal length of a mirror,— Vihm parallel rays coming m 
in a direction parallel to the principal axis fall on a spherical 
mirror, the ^ys after refiect-oii converge to or appear to diverge from 
a point on the pnncipal aMs of the mirror, that point is called the 
Principal Focus of the mirror The distance of this point from , the 
J ofe of the mirror IS called the focal length of the mirror 


The mirror in question is concave for the image produced by it is 
real as ins formed on the same side' as the object - - 

■m concave mirew the object distance ‘rt’, the image distance 

■V, and the focal length f are connected by the relation 


s. 


Here 


u 


f 


L 

30 JO 30 / 

/ = 7*5 cm ' 


Whence 
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'^scopfe consists of “ ^ ^ ^ 

b>.^o lenses" on tlie’ same axis, tHe objective 'js always 
a of larger focal length than the Eye-piece the eye-piede 
ivex lens as in the Astronomical telescope of ^ concave 
* Galilean telescopei For the diagram to show magnifica- 
III Glasebrook, Light ' - , 

. 1 erect image by means of a telescope when the eye^ 
oncave one , and an inverted image when it is a 

Jrt ' a magnet in' a paper-stirfup suspended by a 
•resent to it a neutral piece of iron held in the hand 
IS attracted Reverse the arrangement , ‘now the iron 
(See/?^ andtRoy's Ma^iettm and EleetnCttyt aid, S') 

expenmenfs to illustrate magnetic induction Do not'' 
on the ..nature of induced polarities (See Z>e and~ 
Hsm and Eltctnciiy, Ayt-i6') ^ 

DOtential of a conductor, is its electrical state which 

■ e flow of electncity into or out of it when put in con- 

a second body For explanation see pe and Ray's 
c art, '60 V - . ' 1 

nductors are put in cofiiiection with each other, they 
same petential V Now as the total charge'on a body 
e product of its capacity and the potential, we have 

'Q loV ■ \ 

Q' = rsV , ' 

2s'V »=• Q + Q' = 1000 ' 

4 V'ce 40 units of potential 
Q •» 400'untls of charge 
Q' =600 „ ^ ^ 

Sect on leaves' The potential of the earthed cylinder 
/e and any point or body inside it will be at the zero- 
n an electrified body is brought near to the cylinder, 
of the leaves and .the tin-toils at the side of the-electro- 
I zero There being , no F. D, between the leaves and 
here. Will be no divergence " - 

3e the electrified body carries a + ve chatge As it is 
the cylinder, induction ‘tahes place The induced - 
je escapes to the earth while the induced-ve charge 
10 outer surface of the cylinder The electroscope 

■ ectncally screened 
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8 The strength of a current in a circuit is proportional to the 
•electromotiyc force Thus 


C«tE 

Or C = kE 


"Where i is a constant, the inverse of which is called the resistance 
of the circuit 

' Hence ' 

^ r 

■i e , the current is directly proporhonal to the E M F and inversely 
proportional to the resistance in the circuit. 


C 


n E 2X1 ^ _3 

Kr+R~ 2X2+6 "^lo 


=03 amperes 


9 A simple Galvanometer — Describe a tangent Galvanometer 
The essential parts are a vertical coil of insulated wire and a short * 
Tnagnetic needle suspended or supported at its centre The co,I 
is placed in the magnetic meridian and then the current is passed 
. Circular lines of magnetic force are generated which and to displace 
the needle in a direction at right, angles to tlie magnetic meridian ■“ 
The needle is displaced and makes an angle with the magnetic 
■meridian, the tangent of the angle may be proved to vary with the 
strength of the* current so that C — k tan $ In this displaced position 
of the needle the moment of the couple due to the earth's honrontal 
;magnetic field is obviously equal to that of the force generated 
by the current 

, 1 elephone— for its construction and action see Pqyser, — ifag 
and Elecy, p V3 ^ 

10 Describe a \iater voltameter used in electrohsis of nater 
'Sbc Pqyser, Mag and Elecy, p 265, fig 233 

The points not to be omitted are — 

(fl) Water must be acidulated with a little sulphunc acid to 
make it a good conductor 

(5) Oxygen is collected over the anode 

{c) A diagram must be given. 

(dj The v61 of H is approximately double of that of O eiolved. 

/ The most important difference sought maj be given as follows 

In metals when current passes more heat is evoked than that 
-evolved in the case of pa5Sage*of the same current through liquids " 

Further m solutions decomposition takes place as the current 
passes inrough them , in metals no such thing happens , 
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Caniid^ies are rzqinrti io gtve ihtir auswers tn thdr own 
words as far as pracHcahJc, 

Only SIX qutilions are io be attempted , 

The quesltorts carry equal marks, 

1 State the laws of Simple pendulum- 

How will you proceed to determine the • i 
of a place with a pendulum Gne the Pendulum 
practical directions necessary and state 
reasons. 

What IS the effect of the beigrht above, or 
the depth below, the surface of the earth, on 
the periodic time of a pendulum ? Evplam 


2. Define Specific Gra\jty of a body 

Describe in detail how the specific 
graMty of a block of alum can be actually 
determined. 

3. Describe any form of barometer you 
have used in j’our lahoratory. Gi\ e the direc- 
tions necessary for reading the atmospheric 
pressure. 

4. State Boyle’s Law Describe an expen- 
ment you would perform for verifying the law. 

5 Describe any method for determining 
the coefficient of linear evpansion of a solid 

6 How .would T you proceed to find the 
specific heat of a liquid ? 

In order to determine the temperature of a 
furnace, a platinum ball weighing 80 grammes 
is introduced into it. When it has acquired 
the temperature of the furnace, it is transferred 


Sp Gr. 
of a soluble 
body 


Barometer 


Boylc^s 

l^w. 

Determioa* 
tion of < 

Sp Hl-‘of 
a liquid. 
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Vapour- 

pressure 

S H M. 

< 

Siren 

Character 
of music 

Total 

Reilectiun« 

Mirage 

Refraction 

1' ' 


Compound 

Microscope 


quickly to a vessel of ^ water at 15° C. The 
temperature nses^ to 20° C If the weight of 
water, together with the water-equivalent of 
the calorimeter, be 400 grammes, what was 
the temperature of the furnace ? (Specific 

heat of platinum =s0 0365 ) 

7 Water can be ‘ made to j boil at all 
temperatures,) indicate the conditions that are 
necessary for the purpose, 

What IS meant by maximum pressure of 
water vapour ^ t 

8 I Define Simple Harmonic Motion, and 

explain it with reference fo any familiar 
example ’ ' ' 

9 Describe a siren, giving' diagram, and 
explain how you would use it to determine the 
frequency of a given tuning-fork 

10 , Distinguish between pitch and loud- 
ness What characteristics , of vibration 
determine the pitch and loudness of a musical 
note ? 


1 
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1 What do you understand by total 
reflection of light ? 

Describe and explain, ' with, the help' op a 
dta^ram, the phenomenon of Mirage 


2. A speck in the interior of piece of plate- 
glass appears to an observer looking normally, 
Sluss to be 2 mm from the nearer 
surface. What is its real' ^ distance ? The 
of refraction of glass may, be 'taken 


3 Describe a compound microscope. 
- means of a diagram, how ,the 
magnification is producedv i >/ ■ 
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4 ExpIaiDi with the help of a diagram^ 
the at-rang'ement for a direct* vision 
spectroscope 

Describe the different classes of spectrai 
and cite an example of each kind 

5 Draw diagrrams showing the lines of 
force due to two equal bar magnets, placed in 
line with opposite poles facing each other 
Show how the lines of force ‘are affected in 
each case by placing (a) a bar of iron, (^) an 
iron ring, in line with the magnets and midway 
between them 

I f 

6. Describe and explain the action of the 
electrophorus 

How do you explain the production of 
innumerable sparks on the principle of 
Conservation of Energy ? 

7 Describe what happens when an 
insulated charged conductor is brought near a 
gold-leaf electoroscope, and explain it If a 
plate of ebonite is held between the changed 
conductor and the electroscope, will there be 
any change ? If so, explain , 

8 What do you mean by a constant cell ? 

Describe the construction and action of a 
Danicll cell “ 


DircctVision 

Spectros- 

cope. 

Spectra 


i 

Mag lines 
offeree 




‘'J 

I 

Electro- , 
phorus 


Induction 


Constant 

Cell 


9 What IS meant by an astatic system of 
two needles? What is its usefulness? 
Explain the principle' of the astatic galvano- 
meter 

10 State the laws of Electrolysis, and 
describe experiments for verifying them 

11. What is an electromagnet ? ’ 

Explain the principle of the Telephone 


Astatic 

Needles 

i 

Electrolysis 

Telephohe. 
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' The pressnre exerted b3' water ^vapour in contact with water, 
t e , by saturated water-vapour at any temperature is the maximum 
pressure of aqueous vapout^j'at that temperature It depends on* 
the temperature of the vapour and rises as he temperature rises 

8 For the definition of a S H ' M see art 83' General 

Physics ,, 

The vibration of a pendulum ball jwhen thp amplitude ,is small, 
may be cited as an illustration ^f a,S H- M For explanatioit< 
see art, 83, Gen 'Phj/stes, ^ ' ' ' 

9 For the description and a diagram of a siren, see art 60, 

De s Sound For the determination of ^the"^ frdqueney of a fork 
proceed as in para 4 of the same, article * ' ' 

1I0 For pitch and loudness see art 33, Sound 

’ ' I , 

SECOND PAPER 


1. When a ray of light is about to pass ( t ) from a denser to 
a rarer medium such that ( it l its angle of incidence is greater 
than the critical angle for the two media concerned', it does not 
refract out into the rarer medium, but suffers a tot^ internal 
reflection within the denser medium ' 

Mirage — A diagram is essential’ ’See the answer to Q "s, 
Paper tl, tgjj ' ' 1 1 1 j 1 1 i- 

2 Establish the formula ti—P'v by drawing a figure for 
normal vifew of an object m a medium denser than air Here, 

K=fxa=3 ' 

3 For the description and diagram of^ a comppund' micros- 
cope — see Glagebrook, Light, art loj 

4 When a iray of white light is made lo^paSs through a flint 
glass prism, it is deviated tojwards the base of the prism, and at 
the same time It IS broken up into its constituent seven primary 
colours the rays of different colours ’deviating by different 
amount fiom the original direction of the incident ray This is 
called Dispersion Now if a second prism of a different transpar- 
ent substance, say crown glass, be placed next to the first with its- 
refracting edge turned away from that of the first, and the refract- 
ing angle of this be such, that the mean ray say the yellow _ray 
IS deviated through the same angle in an opposite direction due- 
to the prism No 2 then it may be proved that the deviations of 

ne other rays due to prism No 2, are opposite in direction, but 
those respectively of the same rays due to the 
i-i, ** * jOther words, there, ;s some dispersion still left 
A fhe emergent light is approximately the 

sceintr'fj?"' ’T other side of the prisms will, on 

S , raight through the prisms, view a spectrum. A tube' 
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contatning two or >more pnsm^ to serve the purpose described 
above, with a slit on one side and an aperture for the eye on 
the other forms a Direct Vision Spectroscope see Ganot 

P> 44 S) ^ ^ ^ ^ j 

For the different classes of spectra see answer to Q. 2 — ri — ^1916 

5 For a diagram of the field, between N and S-seeking 
poles of two equal bar magnets, see'^g 44 De*i Mag and Elec 

If a bar of iron be placed in between the poles the lines of 
force lend to pass through the iron Hence there will be crowding 
-of lines in the spaces between each pole and either end of the bar. 
It IS to be noted that the lines whiqh enter the bar by one end, 
pass' through the length of the bar and are out by the other edge ; 
thus they are closed continuous lines Draw a !ngure 

Similar is th6 case/ 'when an iron ring is placed between 
the poles. See p $3'Mag & Elec ' 

6 For electrophorus see art p, Dds Mag and Elec For’ 

the source of the spark energy read para x p IJS ' 

7 When an insulated charged conductor is brought 'near a, 
gold leaf electroscope, ■ the 1 charge on the conductor induces a' 
a charge of the opposite kind in the' disc and 9. charge of 
the same kind on the leaves of the electroscope these two 
(induced charges being equal Hence-the leaves diverge 

When an ebonite' plate is interposed between the cTiarged 
■conductor and the disc of the electroscope, more lines of force pass 
^hrough this ebonite-, as the specific inductive capacity of ebonite 
IS greater that air The result is that induction is now greater , 
hence the divergence of the leaves will increase > 

8 A constant cell has a constant E M F due to the 

prevention of polarisation in, it Hence m any circuit such a 
cell will send out a constant current \ 


For the diagram and description of and action m a Darnell 
cell See art 114, Ee’s Mag and Electricity 

^ Vi-® of,, an astatic system 'iora 8 

242 De s Mag and Elec For its usefulness se para 3 p 343 

of Galvanometer, read Para 2 b 

«p^’’'s"TpS. Se m 

their chemiwl equivalent solutions in the prbportion of 

Jb’edoSbfel '“h d^trolybeedl- 
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(3) Double the ttme '■again, the deposit will be doubled ‘ 

' II For the 'meaning of an’ electromagnet see art, ,130, 
D^s Magscn& Blectrtci^' J 

For the description of a Telephone see art. 198 Da's Mag 
6* Elec 1 / I 
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' Please aid the filtaiying to the Minn Index' given tn pp 215 (i) 
—^15 (v) under tl e respective' heads shown — ' 

GENERAL PHYSICS „ Tptal Reflection;— 

Mass and Weight. 2o*I-i Convex, lens — 

Pendulum,- . .21-T-1 , 

Archimeds' Principle,— . 2iJ-3i telescope,— 

Sp Gr.— ^ 21-I-2 SpecttoScope.— 

■' 20 1-4 .. 

, 31.1-4 Spectrnm,— 

21-I 3 


Boyle's Law, — ' 


Atmos. Pressure,- 
Energy,— 


21 II* 
120-II-1 
2i-n-3- 
20-II-4 
20 II-2 
2r-II 4 

20- II-2 

21- II-4. 


I 


, 20-1 3 

'2M4 


Conservation of, 30 1-2 • 


HEAT 

IT ^ 

Expansion of Solids, — 

Sp Ht,— 

Lt Ht of fusion, — 
Vapour pressure, — 

Dew-point,— 

Mech E^t of, — 


'Mag induction,— 
Lines' bf 'force — 


, MAGNETISM 

' 20-II-S 
■ 2I‘II-5 

1,1 r ' > 

30 I-5 ,^r . 

STATICAL ELECTRICITY 
‘ ' i?-l 6 ’Induction'," — ' 20-II-7 

2^16 ‘ ( 31 H 7 

,, 20-1-8 Elctrophorus — ai-II-6 

21-I-7 Potential — ‘ ' 

23 1-8 .Capacity,— . 

30-1-9 .1 . ] 


20 II-6 
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SOUND 

Propn of Sound, — 

S H M.— 
Sonometer, — 

S^Ten, — 


CiIj’rRENT ELECTRICITY 

2i-n-8 


. LIGHT 
Concave Mirror,— 
Rifrattion,— 

I » 


20 I-io Constant cell, — 

21 1-8 ^ Galvanometer — 

20 I'Ti , , ' , AstaUc,77 
21-I-9 ' Ton'gent,- 
fOhm^is Law,— 
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30-II""3 ^Telephone,— '' 
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Candidates are required to give their answers tn their 
own words as far as practicable 

Only SIX questions art to he attempted , , ' 

Hit questions carry equal marks. 

> 1. Explain clearly what you understand Work and 

by Work and Energy State the principle of Energy 

Conservation of Energy and illustrate it with 
• two examples. ^ 

, If the clouds were three-fourths of a mile 
above the earth and rain enough fell to cover 
half a square mile of the surface half an irich 
deep, how much work was done in raising the 
water to the clouds ? From what did the 
energy come ? 

2 Describe with a sketch the balance you _ , 
have used in your Laboratory. What are the 
requisites of a good balance ? 

3 State Pascal’s law as to the trans- 
mission of pressure in a liquid. 

Describe the principle and action of a 
Hydraulic Press, giving a sectional diagram. 

4. State what happens in the following 
cases, giving reasons : 

(fl) A glass tube 20 inches long, closed at Atmos; 
one end and entirely filled with mercury, is pressure 
inverted over a mercury trough. 

(^) A narrow glass tube open at both ends 
« partially dipped in a vessel containing water* 

The upper end is closed by the thumb- and the 
tube taken out of water. 
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xpansion 
of liquid 


Lt ht of 
fusion 


Change of 
State 


Vapour 

pressure 


Prop and 

Vel^,of 

sound 

Vibration 
of springs. 


5 What IS meant by the coefficient of 
cubical expansion ? Distinguish betvieen real 
and apparent expansion of liquids. 

, A piece of glass w eighs 47 grammes in airi 
31 53 grammes in water at 4*’C 1 and 31<7f 
grammes in' water at bO’C. Find the meat 
coefficient of cubical expansion of water bet 
ween 4°C and taking that of glas' 

as 000024 

6 Explain clearly what you mean by thi 
latent heat of fusion. 

Find the latent heat of fusion of meltins 
ice from the following data * 

Weight of calorimeter , — 60 grm 

. Weight of calorimeter + weight 'of 

water i— 460 grm. 

• Initial temperature of water — 38“ C 

' Temperature of the ifiixture ' ' * 

‘ Weight o^ Calorimeter -4- weigh!; of / r 

water+ weight of ice , — 618 grm. 

Specific heat of the substance of ithe 

calorimeter ri — 0.1 

r ‘ 

7 . Describe the changes that take place 

when heat is applied to a^iiiass of ice at' --10*0, 

till it IS converted into steam at 100° C ' 

* 

8 What IS meant by the maximum pressure, 
of water vapour ^ Describe an , experiment to 
deterfnine'^it from thd laboratoryi^rtemperature 
tolOO'C. ^ ‘ / 

'' ' 9' ‘ Explaiii' clearly how sound ,is propaga- 

ted in air Descnbe a "method how velocity 
fof sound in air may be 'determined experi- 
< mentally. ' • , . ' 'f 

10 State the Ians ' of the vibrating 
'-stnngs. , ' - ' ' i 

A copper wire (density ^8 grammes per 
cc ) 100cm 'long and 1 8. mm. 10 diameter 
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IS 'stretched 'by a weight cf 20 kilos. 'Calculate 
the pitch of Its fundamental note 


SECOND' PAPER. 


I 4 What is meant by the_t»*flg^ of an 
object ? Distinguish between real and virtual 
images. 

Explain and illustrate by a sketch the form- 
ation of each kind in a concave mirror. 
Explain why only virtual ‘ images are fornied 
in convex mirrors 

2. What IS total internal reflection and in 
what circumstances does it occur Bubbles 
of air coming out through water in a glass 
vessel appear silvery to an observer standing 
by the side Explain this 

3 How would you produce a pure spec- 
trum on a screen ? Sketch and describe the 
apparatus you would use. 

Account for the presence of the dark lines 
in the solar spectrum. 

4 You are gi\en two convex lenses of 
focal lengths 60 cm and 3 cm respectively. 
How do you arrange them to form — 

(u) a compound Microscope. 

(^) a Telescope 

Draw diagrams and explain the arrange- 
ment. 


5 Explain what is meant by the pole of a 
magnet and a line of force in a magnetic field. 
Describe how jou would proceed to determine 
the position of the poles of a bar magnet 


iS , t *\>“sulated charge is brought near a 
gold-leaf electroscope Draw a diagram show- 
ing the hues of force and from it explain the 
movement of the gold leaves. 


Image/j^ 


Spherical 

Mirrors. 
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Total 

reflection 


Spectrum 


Microscope 

and 

Telescope 


Pole of a 
magnet 


Elec lines 
of force 
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lce*pail 

experiment 

Tangent 

Galvanome 

icr 

RuhmlcorfTs 

coil 


Barlow's 

whcd 


7. The quantity of electricity produce! 
in induction is equal to that on the inductn{ 
body. How will you prove the statement bi 
an experiment ? 

S Describe and explain the action of . 
Tangent Galvanometer. 

9 . Give a sectional diagram of Ruhmkorff' 
coil, with an index of parts, and explain it' 
action, 

10 A toothed wheel is capable of rotatior 
about a horizontal axis perpendicular to its 
plane Describe in detail an clcctromagnctK 
arrangement for producing continuous rotation 
of the wheel. Specify the direction of rotation 
corresponding to the particular arrangements 
you propose. 



ANSWERS 


■jjj 3 JDenumzahoits tn ansvhers should never he omitted 

further, care must be taken that they are not mts stated 


FIRST PAPER 


I Wotk— ■ see De's General Physics Art 90 

Energy— Ditto Art 92 

Principle of conservation of energy — Ditto Art 97 

In each case give at least one illustration 


In the example given, 

Vol of water of ram-fail •= » sq mile X | m 
. = 5 X l76o®X3*Xsx^3Cuft 

But \ cu ft of water weighs 6a*5 lbs, 
mass of water of rain-fall 

=|XI76o*X9xJ lbs 

=330 X 1760 X 62 5 lb 

This has been raised through 3/4 of a mile above the ground 
. work done=33o XI 760x62 5x5x1760X3 ft lbs 
= 143748 x»o« ft lbs 

Source of energy — is the heat of the solar radiation. ' 

2 For a description ‘and sketch of the balance 

—see De’s' Physics, Art //, 
For the requisites of a good balance — ^Ibid, art 81. 

3 For the statement of Pascal's law —ibid, art 130 

For description with diagram and the explafiation of action 
of a Hydraulic Press tbtd art, 131—3, 

4 {0) As the length of the glass tube is less than 30 in, which 

is the average height of mercury column in a barometer 
mercury in the inverted tube will not fall 


(i) While the tube is being taken out, some drops will come out 
as the air enclosed above the water-level has the same pressure 
as that of the outside air But as the xvater drops out, air has to 
expand md thereby falls m density hence its pressure becomes less 
men the reduced pressure of air inside plus the pressure ^of 
water at the open end of the tube become equal to the atmospheric 
pressure^ \frin &o^ cotnc out mGrCa. 
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EXAMPLES IK PHYSICS 


5 Coefficient of Cubical expansion — see Glasebrooke' s Heat, 
avt 62 

Distinction between real and apparent expansion of Iig^ids — 

tbtd, att . 76 

For the example given — 

Loss in wt, of glass piece=47-3i 53 gr^ips 

=l5 47g''ras 

=:wt, of displaced water at 4°C 

Vol of displaced water= 15*47 cc 

ssvol of glass piece at 4'’C 

Vol of glass at 6o°C = is 47 { 1+ '000024(60— 4) } cc. 

'' =1547(1+000024x56)00 

= 15 47 XI 001344 cc 
= 15 491 cc 

This will be also the vol of water displaced' at 6o^C 

Wt of water displaced of 6o°C 
= vol X density 

= 15 491.(1 -S0^7) for,/>t=/>o(i-7t 
= 15491-867 5,7 gms 

} \ I 

This is also given by 47 -31 75,gpi? or 15 25 gm s. 

Hence 7 ^5 ^5 . qqqjS , 

8675 

6 For Lt ht of fusion —See (r/ Heat Art 41 

For the example given — , , 

Heat lost = Heat, gained ii • 
by cal and, Its contents ' by ice 

(60x0 r + 400 ) ( 38°-5® )=I58 L+158 ('5®— 0® ) 
whence L = 79 8 heat-units 

7' From — ^io®Ctob®C — voliojF' ice expands and its 
' temp rises _ ' 

' At o°C — heat Supplied melts the ice 

Volume decreases 

From o°C to 4°C ' — ^volume of water' decreases up 

’ to 4°C hence maximum den- 
^ ■ sity of water at 4®C 

I _ I *' ^ rt 

From 4° to ioo°C —water expands. 

At ioo°C —water boils, and steam,. is being- 

•' ‘ • rapidly forjnedi, void expands 

about 1700 times j 
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8 When a space is saturated with mter vapour at any 
temperature t, the pressure CNcrted by the vapour i"- then miamiuna 
and IS called the saturation pressure of aqueous vapour at 

For an experiment to determine the pressure of saturated' 
vapour from the laboratory temperature up to icio®C. proceed 
as in expt 36, Gl. Heat, P. 737. 

9 For mechanism of propagation of sound in air—sce DPs 
Saun/t art, 7, 

For experimental determination of vel of sound in air— 
ibid, art 76. ^ ^ . 

10 l aws of vltraung strings— see De^s jirt, 66, 

far the example given, 

2l — i De's SoanP, Art 67. 
in ' 

1 — /aoxioooxo'ltN^ 

V i^i — ) 

» mass per unit length 
— Tfr* xtaP 
« 22/7 X ( 09)9x 8'8 gm. 

= 47. 


where »i 
On clearing m 


I 


SECOND PAPER 

atM '™,'" .fJ' P’’"' tl>c object 

to dive™ from oTo"i ioj," Th«\r'“'S' •“ ” ••>?£ 

.a..sr, 
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EXAMFX.ES IN PHYSICS 


incident on it do, after reflection, diverge so that they never 
intersect in front To an eye receiving the reflected rays the 
image seems to fce formed behind the mirror, i e the image 11- 
virtual , for figure see Gl Light fig. 71 

2 Total Internal Reflection — When rays pass from an 
optically denser medium to a rarer one, they are bent away from 
tne normal As the angle of incidence increases, a limit comes 
■when the corresponding angle of refraction becomes go® t e , the 
refracted ray just grazes the surface of seperation Ihis value 
of the angle of incidence, is called the Critical Angle If the 
angle of incidence increases dtill furthur, there is no refracted tay, 
the ray is then reflected totally at the point of' incidence into ihe 
same medium, and is necessarily much brighter than an ordinarily 
reflected ray Hence the conditions of total reflection are — 

(i) The ray is to pass from a denser to a rarer medium 
• t2) The angle of incidence ijiust be greater than the critical 

angle for the two media * 

When rays pass through water and fall on the surface of air 
bubbles, some of them may be oblique enough, so that the 
corresponding angles of incidence exceed the critical angle for 
water and air These latter will then suffer total reflection at the 
surface of air bubbles and give a bright silvery appearance to the 
air bubbles to an observer standing at the opposite side- 

3 For the production of a pure spectrum on a screen the 
follow mg things are necessary — 


(a) A narrow slit, S, through which white light is to pass 
\b) a convex lens, Z, placed at a distance 2f from S this will 
coverge the pencil diverging from S, to a narrow image S’ on 
the otnerside at a distmce ay from it 

(ej a Prism to disperse each ray into its constituent rays 
The prism, when placed in the mininunm deviation position, 
reduces the spread of each colour to a minimum 

(it) a screen, G, to receive the spectrum, its position being at 
a distance a/ from the lens Z 

For a sketch see Gl Light, fig 129 , 

The dark lines in the solar spectrum are due to absorption of 
some of the solar rays in the smar atmosphere Rays proceeding 
from the very hot nucleus o^ the sun have to pass though us outer 
sphere consisting of some of the elements present, in the nucleus 
w *^1, condition at a less high temperature But Dr 

Kirchhoff has experimentally shown that vapour can absorb the very 
I?'"'™ ® temperature, when light having 

a higher temperature is made to pass though such vapours Hence 
absorption takes place in the solar atmosphere. Thus the whitw 
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Jight travelling out in space is deBacnt in some of its constituent 
rav-s, the fact being revealed by the occurrence of dark lines 
when the light IS analysed by means a spectrometer It is quite 
true that the \apours will, on the othernand, emit their own rays, 
but these being of much less intensity appear dark in the spectrum 
■by contrast iMth those rays which are not absorbed 

4. In both the instruments the conve\ lenses are to be (ittedl 
in a tube eo-axtally. The eye piece is generally fitted into a 
tube which slides into the tube containing the objective 

(а) A Compound Microscope —Here the objective is lens of a 
smaller focal length ( vts , 3 ems hcri* ), while the other lens of 60 
ems focal length forms the eye-piece A small object, PQ, is 
placed just beyond the principal focus of the objective which 
produces a magnified, real and in\ cited imaepipq of the objecc 
of a distance. The eyepiece is adjusted to have pq within 
its own focal length so as to throw a \'irtual and a further magnified 
image p'q’ of PQ at the distance of distinct vision The final 
image inverted with reference to the object PQ, 

N B.— The question is theoretically all right But an eye 
piece of 60 cm focal Icngh in a microscope is an unusual thing 
not to be realized in practice ' 

(б) A re/tsco/e— The arrangement of the lenses is just the 
opposite of that adopted in Microscopes. Here the objective is 
of longer focal length Rajs proceeding from anjr point on the 
•distant object travel as a parallel pencil and are brought to focus 
in the focal plane of the objective The image pq, thus formed, is 
•real, inverted and smaller in size than the object The position 
and action of the eye-piece are similar to those in the microscope. 

ISr B — In the diagram wanted, the passage of rays need not 
be shown 


5 Pole of a magnet.— The regions near the two ends of a 
magnet where the attraction is most powerful, are termed its 
poles— Z 7 c’s Magnetism, Art 3 

A Magnetic line of force — zexi D^s Mag Art yj 

To detemine the position of the poles of a bar magnet.— 
Des Prac. Physics, Psto 6 


charged body (supposing 
this, to be positively charged) to the disc of the' electroscope, and 

gold leaves to thetm-foils 

at the sides of the electroscope [sec De's Electricity, fig go («) 

*'*i“ supposed to have been under a tension 

the tin-foils on eXr 

■side, whereby there is a divergence produced between them 
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7 It 15 Faraday *!> ixpenmcnl See Da'i FAtc 

Fxpis 6s and 6j 

8 Ton description md action of a Tangent gaU.nroncmeicr 
set De's Lite, art 156 

9 For a description and action of Ruhmkorff’s coil see De's 
Flee fig 2d3, P 440 

10 Ihis i> Barlo*<.*5 uhnci arrangement For figure see 
DPs Flee, art ijs The rotation cm be explained either from 

(1) the iniiirc of the combined magnetic fitld due to the 
magnet and the current (tlvi ft; 341 ) or 

(2) by niean5 of the Amperian current supposed to be floAing. 
round llit magnrt ( Ibui f g 243 ) 
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